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ANIMAL    WIND-BAGS-USEFUL    AND 
ORNAMENTAL. 

WIND-BAGS  AND  LOVE-DISPLAYS. 
By  W.  P.  Pyceapt,  a  L.s.,  f.z.s.,  etc 
It  is  astonisliing,  wheu  one  comes  to  reflect  ou  the  matter, 
how  many  nnd  quite  unrelated  animals  have  adopted  the 
same  tactics,  thonijh  bv  very  different  means,  to  gain  some 
particular  end.  whereby  they  may  obtain  some  advantage 
over  their  neighbours  in  the  "struggle  for  exisienc"e. 
VViud-bags  or  "  air-sacs  "  of  some  sort  or  another  seem  to 
have  been  especially  favoured.  By  their  means  the  form 
of  the  body  may  be  temporarily  cliangcd,  thereby 
rendering  the  animal  unlike  its  near  allies,  but  superficially 
like  that  of  some  other  creature  or  even  inanimate  object, 
or  they  may  serve  as  voice  organs,  whereby  their  possessors 
may  charm  their  mates,  or  strike  terror"  into  the  heart  of 
an  enemy.  Yet  again,  they  may  serve  the  purpose  of  a 
substiintiul  banking  account,  and  enable  life  to  be  got 
tlirough  with  the  least  possible  expenditure  of  energy.  " 


These  wind-bags,  which,  almost  without  exception,  may 
be  inflated  and  deflated  at  the  will  of  the  animal,  differ 
much  in  the  nature  of  their  origin.  In  many  cases  they 
are  formed  by  more  or  less  extensively  enlarging  parts  of 
the  gullet  or  of  the  windpipe,  without  disturbing  their 
normal  functions.  In  others  the  air  is  drawn  into  special 
receptacles  Wind-bags  of  the  latter  type,  however,  have 
also  been  developed  as  auxiliary  breathing  organs,  as  in 
the  ease  of  birds,  for  instance.  With  these  we  have  no 
concern  here ;  their  description  awaits  special  treatment. 
In  the  present  series  of  articles,  of  which  this  is  the  first, 
we  propose  to  deal  only  with  those  air-sacs  which  are 
concerned  with  purely  external  phenomena. 

The  development  of  purely  ornamental  wind-bags,  used 
as  adjuncts  in  courtship,  forms  the  theme  of  the  present 
chapter.  The  most  conspjicuous  and  successful  patrons 
of  this  form  of  display  are  to  be  found  amongst  the  ranks 
of  the  highly  excitable,  and  always  beautiful  birds. 

Thomson's  assurance  that  "  the  lover  is  the  very  fool  of 
Nature  "  seems  particularly  applicable  to  displays  of  this 
kind.  Take  the  common  pigeon  for  example.  Could  any- 
thing appear  more  silly  than  the  strutting,  bowing  and 
cooing  of  the  cock  aided  by  this  very  practice  of  filling  his 
gullet  with  intoxicating  draughts  of  the  morning  air,  the 
which  swells  his  neck  to  unduly  large  proportions,  and 
apparently,  on  this  account,  make  him  so  much  the  more 
fascinating  ?  But  the  past-master  in  the  art  of  windy 
love-making  among  the  pigeons  is  the  domesticated 
variety  known  as  the  pouter. 

As  with  the  pigeon  tribe,  no  special  receptacle  is  pro- 
vided for  the  indrawn  air,  but  that  portion  of  the  gullet 
known  as  the  crop  has  been  enormously  enlarged  so  that, 
when  fully  inflated,  it  exceeds  the  body  itseK  in  size.  The 
present  greatness  of  this  crop,  we  would  point  out,  is  due 
not  so  much  to  the  efforts  of  the  prancing  bird  as  to  the  care 
and  selection  of  the  breeder.  For  this  display,  strangely 
enough,  has  found  favour  even  among  men  ;  consequently, 
the  very  finest  performers  only  are  selected  to  be  the 
parents  of  the  next  generation,  and  these  parents  are 
themselves,  of  course,  descendants  of  equally  distinguished 
birds.  The  part  the  breeder  has  played  has  beeu  to  select 
carefully  from  his  young  birds  those  which  prove  the  best 
performers.  From  these  he  raises  new  stock.  Their  un- 
skilh'd  kindred  go  to  make  pigeon  pie,  or  meet  some  other 
ignoble  fate. 

A  stiU  more  remarkable  gullet  pouch  is  that  of  the 
frigate-bird  of  the  Tropics ;  a  near  ally  of  the  cormorants 
and  gannets.  Bare  externally,  of  a  vivid  scaidet  colour, 
and  capable  of  being  inflated  till  it  is  nearly  as  large  as 
the  rest  of  the  body,  this  pouch  is  an  invaluable  asset  to 
its  possessor  wheu  seeking  a  mate.  For  here,  as  else- 
where, the  successful  suitor  is  he  who  makes  the  most  of 
his  peculiar  charms;  the  jirize  falling  to  him  who  is  able 
to  display  the  biggest  and  most  brilliantly  coloured  pouch. 
Only  the  males  wear  this  ornament,  which  is  retained  only 
"luring  the  breeding  season.  At  this  time  a  lively  com- 
petition appears  to  take  jilace,  a  dozen  or  so  of  these  birds 
crowding  together  in  a  tree  and  greeting  the  apjtroacb  of 
their  }>rospective  mates  with  inflated  pouches  and  drooping 
wings,  accompanied  by  a  peculiar  apology  for  a  song, 
described  as  a  sort  of  "'  wow-wow-wow-wow,"  and  a  noise 
resembling  the  sound  of  castanets,  which  is  made  by  a 
violent  chattering  of  the  horny  beak. 

The  pouch  of  the  frigate-bird  is  formed  by  the  upper 
end  of  the  gullet,  aud  appears  to  bo  closed  behind  by  a 
peculiar  arrangement  of  muscular  fibres  to  form  what  is 
known  as  a  sphincter  muscle.  These  muscles  close  up  the 
tube  of  the  windpipe  mucii  as  the  mouth  of  a  bag  is  closed 
by  means  of  a  double  string. 

The  American  prairie-hen.  or  pinnated  grous(<.  has  long 
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been  celebrated  for  its  remarkable  love  display.  Collecting 
in  small  parties  of  l)oth  sexes,  tiie  males  come  forward  and 
perform  a  series  of  stran<je  evolutions,  in  which  a  pair  of 
sass,  one  on  either  side  of  the  neck,  play  a  conspicuous 
part.  When  the  bird  is  quiet  these  sacs  or  bags  are 
hidden  by  the  feathers,  but  during  the  paroxysms  of 
excitement  they  are  inflated  so  as  to  form  a  pair  of  huge 
bladder-like  organs,  of  a  bright  orange  colour.  As  soon 
as  these  pouches  are  filled  certain  elongated  feathers  of 
the  nape  of  the  neck  are  shot  forwards,  the  winQ:s  are 
trailed  upon  the  ground  like  thcise  of  the  turkey-cock,  and 
the  body,  with  the  feathers  bristling  like  the  quills  of  the 
fretful  porcupine,  is  inclined  forwards.  Suddenly  the  bird 
starts  to  run,  rushing  in  among  the  amazed  females  and 
giving  voice  at  the  same  time  to  a  loud  booming  noise, 
audible,  on  a  still  morning,  for  a  couple  of  miles.  Then 
follows  a  momentary  period  of  quietude,  and  the  process 
is  repeated.  Sometimes  as  many  as  twenty  cocks  take 
part  at  a  time  in  these  displays. 

The  depletion  of  our  British  bird-fauna  which  has  taken 
place  daring  the  last  fifty  years  has  robbed  us  at  one  fell 
stroke  of  our  largest  British  bird,  as  well  as  the  only  nember 
thereof  which  boasted  a  true  ornamental  air-sac.  This  was 
the  great  bustard  To  witness  the  display  of  this  bird  in 
a  wild  state  to-day  one  must  travel  to  Spain.  To  the 
bird-lover  the  journey  is  well  worth  the  making,  for  a  more 
wonderful,  and  at  the  same  time  a  more  grotesque  sight, 
would  be  hard  to  find,  since  the  inflation  of  its  wind-pouch 
is  accompanied  by  the  art  of  the  contortionist. 

Approaching  his  mate  with  a  series  of  short,  mincing 
steps,  he  next  proceeds  to  throw  his  tail  forwards  so  as  to 
lie  flat  upon  his  back,  where  it  is  held  down  by  the  long 
quills  of  the  wing.  Thus  he  contrives  to  display  a 
magnificent,  billowy  mass  of  white  feathers  which  normallv 
lie  under,  and  are  concealed  by  the  tail.  Next  he  ruffles 
up  the  feathers  of  the  back  and  wings  in  such  a  wav  that 
certain  feathers  forming  the  inner  lining  of  the  wing  are 
brought  prominently  into  view ;  these  also  are  white 
as  the  driven  snow.  Finally  the  head  is  thrown  back, 
and  the  wind-pouch  or  air-sac  as  it  is  called,  is 
inflated  to  an  enormous  size,  almost  burying  the  head 
therein  This  done,  the  head  is  .■still  further  masked  by 
the  erection  of  a  number  of  long  feathers,  which  normally, 
when  the  bird  is  at  rest,  hang  down  like  a  long  beard. 
Erected,  they  stand  up  on  either  side  of  the  head  like  a 


Fio.    1. — The  display  of  tlie  Groat  Bus-tard,   Otis  tarda. 
(After  AVolf.) 
From  tile  *'  Dictionary  of  Birds,"  by  Prof.  A.  Newton. 

palisade.     What  the  general  effect  of  such  a  displav  is  like 
may  be  gathered  from  the  annexed^ picture. 


This  air-sac  deserves  further  notice,  for  it  is  a  peculiarly 
interesting  structure  both  from  an  anatomical  and  a 
historical  point  of  view. 

Well  known  to  the  older  naturalists,  it  was  generally 
regarded  by  them  as  a  receptacle  for  water,  a  view  which 
gained  colotir  from  the  fact  that  the  bird  frequented 
arid  and  sandy  wastes  where  water  was  naturally  scarce, 
so  that  the  possession  of  a  water-bottle  seemed  by  no 
means  a  striking  feature.  This  tradition,  in  more  critical 
times,  first  became  suspect  by  the  discovery  that  the 
male  only  possessed  the  pouch.  Further  enquiry  showed 
that  not  even  all  the  males  were  so  provided,  and  this  led 
many  to  believe  that  the  whole  story  of  the  existence  of 
the  pouch  at  all  was  a  myth.  If  its  use  was  to  store  water, 
they  contended,  it  should  be  found  in  both  sexes,  since 
both  would  have  equal  need  thereof.  The  fact  that  many 
adult  male  birds  had  been  dissected  without  revealing  the 
presence  of  a  pouch  seemed  to  confirm  their  doultts  as  to 
the  probability  of  the  story. 

Later  observation,  however,  has  definitely  settled  the 
question.  Careful  dissection  has  proved  the  existence  of 
the  pouch,  whilst  the  field  naturalist  has  shown  us  its 
purpose,  which  turns  out  to  be  ornamental  rather  than 
useful. 

Structurally,  this  air-chamber  or  wind-bag,  as  it  proves 
to  be,  differs,  as  we  have  already  hinted,  from  those  which 
have  so  far  been  described,  inasmuch  as  these  have  been 
formed  simply  by  inflation  of  the  food-pipe  or  gullet, 
whilst  in  the  case  of  the  bustard  the  chamber  is  an  entirely 
independent  structure.  Extremely  thin-walled,  it  extends 
from  the  base  of  the  tongue  down  the  front  of  the  neck, 
immediately  beneath  the  skin,  to  its  base.  In  fully- 
developed  examples  this  remarkable  pouch  is  found  to 
have  a  bulb-shaped  termination,  the  which  lies  between  the 
arms  of  the  merry-thought.  Air  is  admitted  through  a 
small  hole  at  the  base  of  the  under-side  of  the  tongue,  and 
when  the  display  of  the  proud  performer  is  finished,  the 
air  is  expelled  again  from  the  same  aperture.  During 
the  display  small  quantities  of  air  appear  to  be  expelled 
for  the  purpose  of  producing  a  sound  said  to  resemble  the 
word  "  oak,"  possibly  to  attract  the  attention  of  the  lady 
of  his  choice,  who  often  affects  an  absolute  indifference  or 
even  ignorance  of  the  fantastic  performance  which  is 
intended  for  her  eyes  alone. 

Some  doubt  still  exists  as  to  whether  this  pouch  is 
retained  throughout  the  year,  or  whether,  after  the  season 
of  courtship,  it  becomes  absorljed  to  be  re-developed  in 
the  succeeding  spring. 

It  seems  but  natural  to  suppose  that  the  method  of 
courtship  displayed  by  the  great  bustard  would  be  adopted 
by  the  bustard  tribe  in  general.  As  a  matter  of  fact, 
however,  such  is  bv  no  means  the  case.  No  other  bustard 
has  succeeded  in  attaining  such  a  pitch  of  artistic  display. 
The  nearest  approach  thereto,  perhaps,  is  that  made  by  the 
giant  Australian  bustard,  Enpvdotis  audrnhs.  But  he  has 
not  the  skill  of  his  British  cousin.  His  attitude  at  this 
time  is  distinctly  "  wooden."  Throwing  the  tail  upward 
and  forward  over  the  back,  the  neck  is  then  stretched  to 
its  greatest  length  and  held  stiffly  upwards,  whilst  at  the 
same  time  great  gulps  of  air  are  drawn  into  the  gullet  till 
a  long  pendulous  and  feather-clad  bag  is  produced  which 
hangs  down  considerably  below  the  level  of  the  breast. 
At  the  throat  is  a  great  bulbous  swelling  which  causes  the 
feathers  in  this  region  to  stand  on  end,  and  therel)y  add 
to  the  effectiveness  of  the  whole  display.  The  attitude 
complete,  the  ardent  swain  stands  motionless,  mutely 
pleading  for  the  approval  of  his  prospective  mate.  Here 
again,  be  it  noted,  no  special  apparatus,  no  true  air-sac  or 
wind-bag  has  been  produced.  The  same  methods  have 
been  resorted  to  which  are  employed  by  the  frigate-bird  and 
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the  pigeon.  la  the  swollen  throat  we  may  get  an  inkling  of 
the  origin  of  the  remarkable  wind-bag  of  our  British  bus- 
tard. For  it  is  easy  to  see  that  a  similar  throat-swelling  in 
the  ancestors  of  this  bird  may  have  given  place  to  a  pocket- 
like structure  which  in  course  of  time  increased  to  form 
what,  for  the  sake  of  the  simile,  we  may  call  the  stocking- 
shaped  bag  of  to-day.  The  gradual  increase  of  the  pocket 
to  its  present  proportions  is  to  be  attributed  to  the  fact 


Fto.  2, — Dissection  of  the  lu^ht  m.Ii-  ul  the  neck  of  tl\e  Great 
Bustard,  Otix  tirda,  to  show  Ihe  hour-glass. shaped  gular  pouch. 
Drawn  from  the  specimen  in  the  British  Museum.  C,  Crop ; 
.fir,  Hyoid  ;  Oe,  Oesophagus ;  I',  Pouch;  T,  Trachea;  /'Vascular 
tissue,  investing  the  upper  part  of  the  poucli. 

that  the  birds  with  the  largest  throat  pouch  found  most 
favour  with  the  females  of  the  community  and  were 
selected  on  this  accc^unt  as  mates.  The  birds  with  the 
largest  throat  pouches  being  selected  in  each  succeeding 
generation,  the  jiresent  race,  with  its  enormous  wind-bag, 
was  produced. 

The  only  other  bird  with  a  throat  i>ourh  tilled  in  the 
sanio  wav  as  that  of  the  great  bustard  is  the  Australian 
musk-duck  (JJir.iura  lohata).  Tlie  males  only  bear  the 
pouch,  wliieh  differs  consi)ieuously  from  tliat  of  the 
bustard  in  that  it  is  external,  hanging  down,  purse  like, 
from  the  lower  jaw.  Nothing,  however,  ajipears  to  be 
known  as  to  the  use  to  whicli  the  jioueh  is  put,  but  there 
can  be  little  doulit  but  that  it  is  a  purely  sexual  character, 
and  displayed  as  a  charm  during  courtship. 

Many  lizards  possess  throat  pouches  of  this  kind,  but 
whether  they  are  in  all  cases  used  exclusively  for  the 
purposes  of  disjilay  we  do  not  know  ;  on  this  point 
oltservation  by  travellers  is  silent.  In  many  eases  the 
inHation  of   the  pouch   is  accompanied    by   a   display  of 


brilliant  colour  over  its  surface.  For  example,  in  one  of 
the  iguanas,  Anolig  carnlinensis,  of  the  south-eastern 
United  States,  the  pouch,  when  pliicid,  is  white  with  a 
few  lines  and  spots  of  red,  but  at  the  moment  of  inflation 
it  tiecomes  suffused  with  a  l*rilliant  vermilion. 

The  curious  but  unsightly  air-sac  of  the  adjutant  stork 
may  well  close  this  series  of  examples  of  ornamental  wind- 
bags. Doubtless  many  of  our  readers  have  watched,  in  the 
London  Zoological  Gardens,  the  ease  and  rapidity  with 
which  this  sac  can  be  filled  and  emptied.  Lik»  that  of 
the  great  bustard  it  is  a  specially  developed  structure,  and 
quite  distinct  from  the  gullet.  Unlike  the  pouch  of  the 
bustard,  however,  its  general  form  and  proportions,  both 
when  inflated  and  when  empty,  are  visible  externally,  for 
it  is  quite  pendulous,  and  covered  only  by  the  bare  skin  of 
the  neck.  Moreover  it  is  present  at  all  seasons.  Empty. 
it  looks  like  a  small  conical  Itag  projecting  from  the  front 
of  the  neck,  but  when  filled,  its  shape  is  completely 
changed  since  it  forms  a  bladder-like  body  a  foot  and  a 
half  long.  The  method  of  inflation  is  quite  unique,  the 
pouch  communicating  with  a  large  cavity  below  the  orbit 
on  the  left  side  of  the  base  of  the  skull,  and  this  opens 
directly  into  the  nasal  cavity. 


WHORLS    AND    CRESTS    OF    HAIR    AS 
ANIMAL    PEDOMETERS. 

By    Walter    Kidd,     .m.d.,    f.z.s. 

The  works  of  man  which  he  devises  for  his  physical  and 
mental  advancement  are  marked  by  a  precision  varying 
with  the  degree  of  maturity  of  his  science,  and  one  of  the 
smaller  among  these  is  the  pedometer,  an  instrument 
requiring  here  no  description.  By  a  somewhat  elastic  use 
of  the  idea  of  a  pedometer,  one  may  find  among  the 
phenomena  of  nature  certain  which  may  be  termed  animal 
pedometers ;  these,  like  all  the  products  of  nature's  handi- 
work, are  lacking  in  the  exactness  of  human  appliances. 
But  they  are  none  the  less  significant  of  certain  habits 
belonging  to  the  animals  which  possess  them. 

Comparatively  few  animals  can  be  said  to  carry  about 
on  their  bodies  "a  register  of  their  locomotive  activity  as  a 
cyclist  does  on  his  machine,  or  a  pedestrian  in  his  pocket. 
Nevertheless,  those  few  mammals  that  display  jiedometers 
on  their  hairy  coats,  "  iirbe  et  orbi,"  show  an  advance  in  one 
particular  upon  any  of  man's  pedometers,  inasmuch  as 
fairlv  clear  records  of  ancestral  as  well  as  individual 
activities  are  indicated.  The  phenomena  here  looked  upon 
as  animal  pedometers  arc  those  arrangements  of  hair 
which  we  know  as  whorls,  found  in  various  regions  of  the 
bodies  of  animals,  and  seldom  in  any  but  the  short-coated 
forms.  These  whorls  do  not  often  exist  alone,  but  usually 
are  associated  with  a  feathered  arrangement  which  pr^K•eeds 
against  the  general  stream  of  hair  adjoining  them,  and 
this  feathering  generally  terminates  somewhat  sharply  in 
a  ridge  or  crest.  Whorls,  featherings,  and  crests  then 
constrtute  a  fullv-formed  •'  pedometer"  in  this  connection. 
The  best  examples  of  these,  and  the  most  familiar,  are 
those  seen  on  the  horse,  and  they  are  so  far  removed  from 
being  accidental  or  indifferent  phenomena,  and  are  s.i 
clearly  brought  under  certain  simple  laws  of  physical 
causation,  as  not  only  to  deserve  but  to  demand  interpre- 
tation. Few  thoughtful  persons  will  dissent  froiu  the 
remark  in  the  coiiciusi(m  of  Jevon's  Principles  of  Science, 
where  he  savs.  "Now  among  the  most  unquestionable 
rules  of  scientific  methods  is  that  first  law  that  irhaterer 
2>heiiome)ioii  la.  I».  We  must  ignore  no  existence  whatever  ; 
we  may  variously  interpret  or  explain  its  meaning  and 
ori>,nn,"bul  if  a  ]>henomeuon  does  exist,  it  demands  some 
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kind  of  explanation."  To  tliese  small  and  apparently 
unimportant  fraLfinents  of  nature's  handiwork,  wliich  are 
hei'e  called  pcilonu'tfrs  for  the  sake  of  emphasis,  this 
unexceptionahle  remark  of  the  great  logician  applies. 

It  may  be  best  at  the  outset  to  state  that,  from  their 
intrinsic  importance,  whorls,  featherings  and  crests  are 
excluded  entirely  from  the  province  of  any  form  of  selec- 
tion, being  in  no  way  useful  to  the  animal  possessing 
them,  and  in  no  degree  produced  by  artificial  selection  or 
breeding.  Their  production  must  be  sought  elsewhere, 
and  no  view  of  this  is  forthcoming  but  that  which  con- 
siders them  as  by-products  of  muscular  action  in  a  long 
line  of  ancestors,  and  in  a  very  striking  way  they  register 
the  degree  and  range  of  this  action. 

As  already  stated,  the  best  examples  of  the  phenomena 
in  question,  and  the  greatest  number,  are  to  be  found  on 
the  coat  of  the  domestic  horse,  and  these  will  first  be 
described.  The  best  known  is  that  graceful  feathering 
which  passes  upwards  in  the  hollow  of  the  tlank.  dividing 
the  trunk  of  the  animal  from  the  great  rounded  mass  of 
muscle  of  the  hind-quarters,  and  the  feathering  presents 


and  the  hinder  one  more  directly  in  its  original  course  along 
the  great  swelling  mass  of  the  hind-quarters.  A  better  idea 
of  the  actual  arrangements  of  the  hair-streams  will  be 
gathered  from  an  inspection  of  the  coat  of  any  common 
horse,  whose  coat  is  not  too  long,  than  can  be  conveyed 
by  a  wiitten  description.  The  symmetry  and  constancy  of 
this  arrangement  is  very  striking  and  demands  explanation. 
This  is  more  fully  treated  in  (1),  (2),  (3),*  and  it  may  ])e 
shortly  stated  that  these  breaks  in  the  uniform  direction 
of  the  hairy  covering  of  the  horse,  and  other  animals,  as 
well  as  in  other  regions  of  their  bodies  than  the  inguinal, 
are  due  to  the  constant  traction,  dui'ing  e.xercise,  of  under- 
lying and  diverging  muscles.  It  is  here  maintained  tliat 
they  fairly  bear  the  name  of  pedometers  because  of  the 
close  way  in  which  the  degree  of  locomotive  activity  is 
registered  according  to  the  persistence,  size,  and  con- 
stancy of  these  otherwise  uncalled-for  arrangements  of 
hair.  When  a  few  horses  in  the  act  of  trotting  are 
watched,  and  the  accompanying  diagram  of  the  main 
muscles  of  the  horse  and  the  commonest  whorls,  featherings 
and  crests  are  borne  in  mind,  it  is  seen  at  once  that  the 


Fig.  l.-Side  View  of  Horee:  A,  B,  C,  Inquinal  Wliorl,  Feathering,  and  Crest;  D,  E,  F,  Gluteal  Whorl,  Feathering, 
and  Crest  (very  rare);  I,  H,  G,  Axillary  or  Po&t-humeral  Whorl.  Feathering,  and  Crest;  J,  K,  L,  Upper  Cervical  Whorl, 
Feathering,  and  Ciest;    M,  N,  O,  Middle  Cervical  Whorl,  Feathering,  and  Crest;    P,  Lower  Cervical   Whorl. 


a  direction  slightly  concave  forward.  It  commences  at 
the  fold  of  skin,  which  passes  from  the  lower  part  of  the 
abdomen  to  the  hind-limb,  by  a  whorl  or  vortex  of  hair. 
This  radiates  and  expands  into  a  bilateral  and  symmetrical 
expansion  shaped  like  the  barbs  of  a  feather.  The  latter 
proceeds  upwards  in  the  inguinal  hollow  as  far  as  the 
level  of  the  iliac  crest,  where  a  projection  covered  by  muscles 
is  always  to  be  recognised,  and  here  it  abruptly  terminates 
in  a  ridge  or  crest.  The  crest  is  very  noticeable  in  all 
domestic  horses,  and  lies  parallel  with  the  long  axis  of  the 
trunk.  Above  it,  and  on  either  side  of  it,  are  seen  the 
hair-streams  from  the  back  of  the  animal,  breaking  away 
like  two  currents  of  water  on  either  side  of  an  outstanding 
rock,  the  anterior  stream  passing  with  a  wide  curve 
forwards  and  d.iwnwards  along  the  side  of  the  abdomen. 


very  conditions  required  to  produce  some  departure  from 
the  ordinary  slope  of  the  hairs  in  the  inguinal  hollow  are 
present,  if  indeed  it  be  a  possibility  that  underlying 
divergent  muscular  traction  should  intluence  the  course  of 
the  living  growing  stream  of  hair  on  that  portion  of  the 
skin  which  lies  over  the  area  affected.  If  also  a  few 
horses  be  watched  as  to  the  degree  and  extent  of  the 
"jolt"  which  occurs  at  every  quick  step,  and  the  sharp 
limitation  of  tliis  to  the  area  included  in  that  of  the  whorl, 
feathering  and  crest — ceasing,  as  it  does,  abruptly  and 
significantly  at  the  level  of  the  crest  of  the  ileum — the 
modus  operandi  is  very  clear.     The  forward  range  of  the 

*  (I)  Proc.  Zool.  Soc.  Land.,  190O,p.  6S2.   (2)  "  Use-inheritance"  : 
A.  &  C.  Black,  London,  1901.   (.3)  Proo.  Zool.  Soc.  Land.,  I90i,  p.  156. 
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"  jolt "  is  much  wider  than  the  backward,  and  marks  out 
most  closely  the  degree  of  the  forward  curve  taken  by  the 
anterior  hair-stream,  which  descends  from  the  crest.  In 
|)assiug,  one  may  note  here  a  very  small  and  unimportant 
point,  but  one  which  is  of  some  interest.  During  or  after 
a  short  shower  of  rain  the  flank  of  a  horse  presents  a 


own  needs,  but  for  those  of  higher  creatures  who  have 
availed  themselves  of  its  potentialities  provided  by  nature. 
These  considerations  show  the  domestic  horse  to  be  the 
best  specimen  which  can  be  found  for  the  study  of  animal 
pedometers,  and  by  comparison  of  this  sj>ecies  with  all 
other  known  hairy  mammals  it  is  found  to  be  as  muck 


Fui.  2.— Side   V  ew  of  Horse  shoiving  chief  Suix-rlieial   Muscle? 


ciu'ious  distribution  of  the  moisture.  At  a  point  just 
where  the  proper  forward  stream  from  the  feathering  joins 
the  main  stream  of  hair  from  the  thorax  and  abdomen,  a 
definite  line  of  darker  moist  hair  is  seen,  and  the  moist 
surface  is  confined  closely  to  the  anterior  part  of  the  trunk, 
and  separated  from  that  of  the  hollow  of  the  flank.  This 
line  of  demarcation  very  clearly  indicates  the  position 
where  the  forward  "jolt"  in  rapid  action  terminates. 

For  the  production  of  these  and  kindred  ])eculiarities  in 
other  animals  no  other  than  this  dynamical  explanation  is 
forthcoming,  and  no  other  seems  to  be  required.  The 
arrangements  of  hair  described  is  the  best,  because  the 
most  familiar,  of  the  pedometers  displayed  by  animals  on 
their  bodies. 

Attention  to  the  facts  of  the  horse's  life  and  certain 
related  or  contrasted  facts  of  the  lives  of  other  animals 
will  show  the  reasons  for  which  such  hair-arrangements 
are  looked  upon  as  registers  of  long-past  and  present 
activities  of  the  species  in  question  The  domestic  horse 
is  the  most  locomotive  of  animals,  wild  or  domesticated. 
It  has  been  produced  by  man  out  of  a  wild  plastic  stock, 
with  some  such  ancestors  as  the  wild  ( Prejevalsky"s) 
horses  now  at  the  Zoological  Society's  Gardens,  and  by  a 
process  of  selection  during  many  generations,  first  in  its 
Central  Asian  cradle,  and  later  all  over  the  civilised  world. 
It  has  been  as  much  made  by  man  for  his  purposes  of 
locomotion,  draught  and  traflic,  as  a  locomotive  engine 
has  been  made  by  him.  The  one  has  been  made  by  the 
laws  of  applied  physics,  and  the  other  by  those  of  biology. 
Thus  the  domestic  horse  is  in  the  unique  position  of  being 
the  locomotive  animal  mir  ccceltence,  and  that  not  for  its 


better  furnished  with  pedometers  of  the  kind  indicated  as 
it  is  greatly  in  advance  of  them  as  to  the  frequency  and 
rate  of  its  locomotive  activity. 

There  are  two  closely  related  animals,  the  domestic  ass 
and  mule,  which  ought  to  show  this  inguinal  pedometer, 
if  mere  heredity  or  some  variation  incidental  to  the  grt>up 
of  animals  could  be  fairly  invoked  to  account  for  it. 
These  also  are  locomotive  animals,  but  in  a  degree  verj' 
much  less  than  the  horse,  and  their  pace  is  of  a  quieter 
and  less  free  character.  What  then  do  we  find  in  them 
as  to  the  size  and  persistence  of  the  inguinal  pedometer  ? 
In  the  ass  it  is  absent  (the  writer  has  met  with  one  excep- 
tion), and  in  the  inule  it  is  variable  and  occupies  less  than 
half  the  area  of  that  in  the  horse.  These  facts  agree  very 
closely  with  the  hybrid  character  of  the  mule  and  with 
the  differing  locomotive  activities  of  horse,  mule  and  ass. 
Prejevalskv's  horses  show  a  whorl  and  feathering  of  an 
oval  shape  and  limited  size,  very  much  like  that  of  the 
mule.  The  onager  (Eiiiins  onager),  closely  resembling 
these  three  domestic  animals  in  form,  shows  an  inguinal 
whorl  or  pedometer  large  and  well  defined,  though  much 
less  so  than  in  the  case  of  the  horse,  which  is  in  keejung 
with  its  character  for  remarkable  fleetness  and  activity. 
Zebras  of  the  three  forms.  Mountain,  G-revy's  and 
Burchell's  zebras,  show  no  whorl  here  at  all,  in  spite  of 
their  close  resemblance  in  size  and  form  and  power  of 
locomotion  lo  the  horse.  Their  wild  lives,  lived  only  for 
their  own  sake  and  not  for  that  of  man.  have  been  only 
locomotive  in  the  intermittent  way  which  is  incidental  to 
all  wild  life. 

The   domestic   ox.  and    most    of    the   Bovidte.  show   no 
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inguinal  whorl,  and  in  the  case  of  the  former  we  can 
explain,  from  our  knowledge  of  its  slowly-moving  action 
and  general  heaviness,  this  negative  fact. 

Among  the  Bovidse  certain  autelopes,  gazelles,  and  sheep 
exhibit  a  more  or  less  defined  inguinal  pedometer,  and 
these  are  given  in  more  detail  elsewhere.* 

The  si)ecial  instance  of  an  animal  pedometer,  which  has 
been  described  at  some  lengtli,  will  serve  to  illustrate 
others  less  well  known,  and  among  these,  as  one  would 
expect,  the  greater  numbers  are  found  in  the  domestic 
horse. 

Behind  the  lai'ge  mass  of  the  muscles  of  the  shoulder, 
and  in  a  hollow  correspondiag  to  the  inguinal  hollow, 
there  is  found  just  below  the  withers  of  some  horses  a 
whorl  which  may  be  counted  among  the  pedometers  of 
that  useful  creature.  Being  not  a  constant  phenomenon 
it  is  the  more  significant  from  one  point  of  view,  for  it  is 
evidently  a  pedometer  in  process  of  evolutie)n  at  the  present 
time.     It  is  never  so  highly  developed  or  so  large  as  the 


Fig.  3. — Front  Yien   of  Horse's  Chest,  showing  the 
Whorls,  Featherings,  and  Crests. 

inguinal,  and  out  of  2159  horses  examined  it  was  found  to 
exist  in  only  42  cases,  or  about  2  per  cent.  In  another 
group  of  87  cases  in  which  it  existed  there  were  57  cart- 
horses, and  this  singular  fact  is  readily  accounted  for  when 
one  recollects  that  this  hollow  is  a  region  where  a  decidedly 
less  extended  range  of  action  occurs  than  is  the  case  in 
the  inguinal,  excei)t  in  the  particular  instance  of  the  cart- 
horse, where  it  is  markedly  greater  than  in  any  other 
form.  It  is  sufficient  to  watch  a  fine  English  cart-horse 
drawing  a  heavy  weight,  and  to  compare  with  this  action 
even  that  of  the  high-stei>ping  hackney,  to  see  at  once 
why  the  preponderating  muscular  activity  of  the  cart-horse 
in  this  area  is  stamped  upon  its  hairy  covering  as  a  whorl, 
or  pedometer.  Here  again  is  the  degree  of  locomotive 
activity  registered  by  tlie  frequency  and  size  of  a  whorl 


and  its  associated  phenomena.  This  particular  post- 
humeral  pedometer  is  also  found  in  other  Ungulates,  and 
the  most  noticeable  specimens  are  found  in  the  same  group 
of  animals  as  the  inguinal  whorl,  and  these  are  given  in 
detail  in  the  same  place.* 

On  the  pectoral  region  of  certain  animals,  among  which 
the  Ungulates  in  general  and  the  horse  in  particular  may 
be  mentioned,  there  is  a  bilateral  symmetrical  whorl  with 
feathering  and  crest,  as  a  rule,  associated.  Here,  again,  is 
a  pedometer  which  registers  the  general  activity  of  the 
species  and  its  ancestors,  and  the  individual  range  and 
frequency  of  movement  of  the  great  muscles  which  flex  the 
"elbow  "of  the  animal.  In  our  familiar  show-specimen, 
the  horse,  it  is  invariably  present  and  fully  developed, 
varying  only  to  a  slight  degree  in  size  in  differently 
developed  individuals  of  this  convenient  species. 

In  many  wild  animals  it  is  present,  as  in  many  Bovidse 
and  a  few  of  the  larger  Carnivores,  but  never  with  the 
uniformity  and  degree  of  development  that  occurs  in  the 


Fig.  -t. — Front  Vie*  of  Superficial  Muscles  of  Horse's 
Chest. 

horse.  Once  more  the  ass  and  mule  deserve  special  notice 
as  to  the  degree  in  which  the  pectoral  pedometer  is 
displayed  by  them.  In  the  mule  it  is  small,  narrow,  nearly 
always  present,  in  the  ass  it  is  very  rarely  present ;  indeed, 
as  mentioned  above,  the  present  writer  has  only  examined 
one  specimen  in  which  it  occurred.  The  horse  has  been 
stated  to  show  the  pectoral  pedometer  invariably,  but  the 
importance  of  this  fact  does  not  end  with  its  constancy, 
for  many  degrees  of  its  width  and  length  ai'e  to  be 
observed,  and  it  is  a  rule  to  which  no  exceptions  have  lieeu 
so  far  founil,  that  tlie  general  development  of  it  is  in  a 
direct  ratio  with  the  action  of  the  horse  in  question.  In 
cart-horses,  powerful  carriage  horses,  and  funeral  horses 
it  is  highly  developed,  and  in  shambling  ill-bred  hackneys, 
such  as  one  sees  in  the  streets  of  Italian  cities,  it  is  very 


*  Proe.  Zool.  Soe.  Land.,  1900,  ]). 


*  Proc.  Zool.  Soc.  Load.,  1902,  p.  686. 


Januaky,   1903.] 


KNOWLEDGE. 


narrow  aud  ill-develoi)ed.  Some  of  these  poor  specimens, 
if  exammed  as  they  approach, as  to  their  pectoral  pedometer 
alone,  would  be  taken  for  mules,  which  resemble  them  most 
c'losely  in  this  particular,  and  indeed  in  general  build  as 
well.  It  is  not  necessary  to  do  more  than  point  out  the 
close  correspondence  of  the  relative  locomotive  activities 
of  the  horse,  ass,  and  mule  with  the  degree  of  development 
of  the  pectoral,  as  was  seen  in  the  case  of  the  inguinal 
pedometer. 

In  point  of  importance,  from  the  preseat  aspect  of  them, 
the  pedometers  in  the  inguinal,  pectoral,  and  post-humeral 
regions  may  be  numbered  1,  2,  3. 

There  are  several  other  situations  of  the  animal  body 
where  whorls,  featherings,  aud  crests  occur,  but  these  three 
that  have  been  mentioned  are  the  only  ones  that  can  be 
described  as  pedometers,  the  others  being  either  due  to 
pressure  or  being  secondary  to  general  muscular  activity, 
as  in  the  sides  oif  the  neck,  but  not  being  by-products  of 
locomotive  activity  per  se.  The  horse,  again,  is  pre-eminent 
in  these  other  whorls,  inasmuch  as  it  presents  no  fewer 
than  three  invariably,  and  nine  frequently. 

A  few  facts  concerning  these  particular  whorls,  feather- 
ings, and  crests  may  be  alluded  to  in  conclusion  : — 

1. — They  occur  in  a  direct  ratio  with  general  muscular 
development  in  an  animal,  and  the  difference  between  the 
size  and  definition  of  the  whorl  of  an  animal  which  is 
large  and  fat,  but  not  muscuhir  in  proportion,  and  an 
animal  which  shows  good  muscular  development,  is  very 
significant. 

2. — They  never  occur  over  the  middle  of  one  large 
muscle,  and  only  where  groups  of  muscles  underlying  the 
part  exercise  traction  in  opposing  directions. 

3. — They  never  occur  in  Carnivores  ;  though  here  it  may 
be  said  exceptio  prohat  regidam,  for  two  out  of  the  vast 
number  of  Carnivores  examined,  viz.,  two  long-bodied 
domestic  dogs  of  the  dachshund  type,  with  very  strong 
fore-quarters,  showed  a  rudimentary  post-humeral  whorl. 

It  may  prevent  misconception  to  state  here  that  the 
tenu  "  pedometer  "  is  used  loosely,  and  chiefly  by  way  of 
illustration,  but  that  it  is  faithful  to  the  facts,  which  are 
of  a  simple  order,  and  open  to  the  study  of  all  whom  they 
may  concern. 


THE   SUN'S   DUSKY   VEIL. 

By  Miss  Agnes  M.  Clekke. 

None  of  the  solar  appurtenances  is  more  obvious  to 
inspection  than  the  screen  of  attenuated  matter  over- 
spreading the  photosphere.  Already,  in  1G12,  Lucas 
Valerius  recognised  the  darkening  of  the  sun's  limb  which 
results  from  its  action.  Bouguer,  more  than  a  century 
later,  measured  the  gradations  of  darkening ;  Laplace 
calculated,  from  the  basis  of  Bouguer's  measures,  the  total 
amount  of  light-stoppage  in  the  so-called  atmosphere  ;  and 
Father  Secchi  jjerceived  the  stoppage  to  be  selective,  the 
surviving  marginal  rays  showing  a  rufous  hue.  Moreover, 
since  those  are  very  imperfectly  actinic,  photographs  of 
the  sun  exhibit  the  edges  of  the  disc  as  much  more  obscure 
than  they  appear  to  the  eye.  The  solar  and  terrestrial 
atmospheres  are  thou  so  far  alike  that  both  are  heavily 
absorptive  of  blue  light,  while  transmitting  red  aud  yellow 
beams  with  comparative  freedom.  Yet  it  does  not  follow 
that  the  sun  rcseiubles  (he  earth  iu  being  surrounded  by 
an  envelope  nf  refrigerated  gases.  This  is  indeed  impos- 
sible under  the  given  conditions.  Let  us  briefly  recall 
their  nature. 

The  Sim's  tinted  screen  must  be  situate  I  in  the  imme- 


diate neighbourhood  of  the  photosphere.*  Paculae  visibly 
overtop  it ;  their  upper  sections  escajje  the  dimming  effects 
of  its  intervention.  They  seem  like  half-submerged  stakes 
in  a  tideway,  that  serve,  not  only  to  mark  the  channel,  but 
to  show  the  depth  of  the  water.  Now  facul»  themselves 
can  be  readily  located.  They  are  clearly  photospheric 
protuberances.  This  relationship  attests  itself  indeed 
to  the  eye,  yet  still  more  convincingly  by  spectroscopic 
evidence.  Facular  light  is  impressed  with  the  whole  array 
of  Fraunhofer  lines.  It  escapes  none  of  the  absorption 
exercised  by  the  vaporous  layers  near  the  sun.  It  has 
then  demonstrably  been  sifted  through  them.  Facute, 
then,  i-ise  from  the  photosphere,  sunnount  the  screening 
envelope,  and  are  immersed  iu  the  reversing  stratum.  A 
vaporous  layer,  however,  lying  between  the  reversing 
stratum  and  the  photosphere,  should  necessarily  be  incan- 
descent ;  and  incandescent  gases  stop  only  special  luminous 
vibrations ;  they  are  incapable  of  producing  a  general 
absorption,  such  as  shadows  the  solar  limb.  Hence  the 
interpc^sing  veil  can  only  be  of  a  pulverulent  composition  ; 
cool  vapours,  placed  in  the  torrid  situation  where  it  exists, 
should,  in  a  few  minutes,  become  glowing  ;  and  the  action 
of  glowing  vapours  would  be  indistinguishable  from  that 
of  the  reversing  layers. 

But  whatever  its  constitution,  there  can  be  no  doubt  as 
to  the  importance  of  its  function  in  the  solar  economy. 
Stripped  of  its  "  atmosphere,"  the  sun  would  appear  fully 
one  stellar  magnitude  brighter  than  it  actually  does.  The 
change  might  be  described  as  equivalent  to  the  rise  of 
Aldebaran  to  the  rank  of  Arcturus.  Further,  its  thermal 
power  would  be  nearly  doubled.f  As  one  result  of  the 
subsisting  arrangement,  then,  the  solar  expenditure  of 
energy  is  strongly  controlled.  The  resources  of  the  great 
globe  are  husbanded,  aud  its  vital  span  must  be  propor- 
tionately lengthened.  Hence  the  solar  stage  of  development 
may  be  inferred,  on  this  ground  alone,  to  be  one  of  relative 
permanence.  I'or  white  stars,  radiating  from  bare  photo- 
spheres, waste  their  stock  of  power  recklessly  ;  while  the 
provision  of  a  "  niggard  "  apparatus  iu  later  life  prolongs 
existence  by  economising  the  means  of  sustenance. 

Dr.  J.  Halm  is  perhaps  the  first  investigator  adequately 
to  appreciate  the  significance  of  that  darkening  of  the  sun's 
limb  which  is  so  easy  to  observe,  so  difiicult  to  account 
for.  "  One  would  have  thought,"  he  writeslj;,  "  that  such 
an  important  fact  as  this  (juite  enormous  light-and-heat- 
absorbing  faculty  of  the  solar  atmosphere  would  have  led 
solar  physicists  to  enquire  whether,  in  view  of  the 
stu]K'ndous  changes  going  on  incessantly  at  the  siin's 
surface,  wc  can  possibly  rely  on  the  absolute  constancy  of 
the  solar  envelojie,  or  whether  the  density  of  the  absorbing 
matter  might  not  rather  be  exposed  to  variations  which 
would  lead  to  serious  consequences  as  regards  the  main- 
tenance of  the  thermal  equilibrium  iu  the  solar  body.  So 
far  as  we  know,  however,  such  an  attempt  has  never  l>eea 
made." 

But  the  author  has  evidently  overlooked  the  enquiry 
jstarted  in  1890  by  Mr.  Wilson,  of  Daramoua,  aud  Dr. 
Kambaut.  the  [iresent  Radclift'e  observer,  as  to  the  real 
occurrence  of  just  the  variations  in  question. §  They 
laid  down  the   plan  of  observations  designed  to  extend 


*  Ur.  Scheiiur,  it  is  true, places  it  in  the  chromosphere (" Strahlimg 
and  Tem(^ioi!itiir  dor  Sonne,"  p.  50),  but  gives  uo  satist'aetor/  reason 
lor  the  trHiisforonce. 

t  Professor  Frost  found,  from  an  elaborate  series  of  eiperimeuts, 
that  llie  sun's  output  of  heat  would  be  augmented  t'7  times  by  the 
removal  of  its  absorbing  envelope  (Astronomy  and  Astrophysics, 
Vol.  XL,  p.  731). 

X  Annals  oj  the  Royal  ObsernatO'-y,  Edinburgh,  Vol.  I.,  p.  7i. 

§   Pruc.  Roiial  Irxsli  Academu,  May  9th,  1892. 
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throughout  an  entire  solar  cycle,  but  only  some  preliminary 
sets  were  executed,  and  the  project  was  left  in  abeyance. 
The  subject  has  been  quite  lately— since  the  appearance 
of  Dr.  Halm's  discussion — resumed  by  Prof.  Very  in 
America.*  By  means  of  spectro-bolometric  measures  at 
various  points  on  the  sun's  disc,  he  proposes  to  ascertain 
whether  the  curve  of  diminishing  radiant  energy  from 
centre  to  limb  remains  constant,  or  alters  in  form  from 
time  to  time  or  progressively;  and  this,  as  Mr.  Wilson  and 
Dr.  Rambaut  had  pointed  out,  would  serve  to  test  the 
occurrence  of  changes  in  the  quality  or  depth  of  the  solar 
atmosphere.  Tbe  quantities  concerned  would  in  any  case. 
Prof.  Very  remarks,  be  of  a  very  small  order ;  still,  he 
regards  their  discrimination  as  possible  by  an  extension  of 
the  method  practically  exemplified  in  his  paper,  the 
determinations  being  made  predominantly  at  epochs  of 
spot-maxima  and  minima.  Only  at  a  great  public 
observatory,  he  adds,  could  the  grasp  and  continuity 
needed  to  give  substantial  value  to  the  work  be  secured. 

Meanwhile  no  proof — no  suspicion  even  of  a  proof — is 
as  yet  at  hand  of  fluctuations  in  the  effectiveness  of  solar 
heat-conservation.  That  it  has  a  secular  tendency  to 
augment  is,  however,  rendered  probable  by  the  fact  that 
stars,  on  the  whole,  redden  with  antiquity,  and  upon  this 
slow  process  interruptions  may  possibly  supervene.  The 
question  remains  open.  The  affirmative  answer  to  it 
suj^plied  by  Dr.  Halm  is  based  upon  theoretical  considera- 
tions. He  assumes  that  the  sun  is  a  cooling  body,  and 
hence  that  the  absorption  due  to  its  waste  products  is,  on 
the  whole,  in  course  of  intensification.  Nevertheless, 
vicissitudes  have  to  be  reckoned  with,  and  their  conse- 
quences are  supposed  to  occasion  and  prescribe  all  the 
complex  phenomena  connected  with  the  periodicity  of  the 
sun.  For  intensifying  absorption  brings  in  its  train  an 
excess  of  heat-reteutiou.  The  protective  envelope  becomes 
over-protective.  It  more  than  redresses  the  balance 
between  thermal  loss  and  gravitational  restoration.  Super- 
heating sets  in,  eruptions  ensue,  and  the  atmosphere  is 
temporarily  cleared.  Then  the  swing  of  change  begins 
anew.     The  eleven-year  cycle  is  in  fact  established. 

There  is  much  in  this  speculation  that  allures  thought. 
It  is  novel,  it  is  reasonable,  it  smoothes  away  some  out- 
standing difficulties,  it  affords  a  prospect  of  escape  from 
the  weary  round  of  abortive  hypotheses.  It  seems,  above 
all,  comprehensive  enough  to  include  the  problem  of  light- 
variability  in  red  stars.  Yet,  when  we  come  to  details,  the 
way  out  appears,  after  all,  to  be  hopelessly  blocked.  Like 
many  other  solar  theories,  this  new  and  highly  ingenious 
one  promises  moi-e  than  it  can  perform.  Its  merits  are 
undeniable  ;  but  it  does  not  meet  the  full  exigencies  of 
the  situation. 

The  cyclonic  hyjjothesis  of  spot-formation  does  duty 
once  more  in  Dr.  Halm's  solar  scheme.  Eruptions  take 
the  initiative  ;  their  subsiding  materials  diffuse  into  polar 
and  equatorial  currents ;  aud  the  encounters  of  those 
oppositely  directed,  and  issuing  naturally  from  different 
sources  of  disturbance,  produce  vortices  showing  to  the 
eye  as  spots.  But  these  are  affected  by  no  such  conspicuous 
aud  systematic  internal  movements  as  should  appear  in 
them  if  they  in  truth  originated  after  the  supposed  fashion. 
Spots  fitfully  gyrating  do  indeed  occur,  but  they  attract 
attention  as  rarities.  No  more  than  two  or  three  per  cent, 
of  the  whole  thus  distinguish  themselves.  And  even  in 
these  the  movements  are  capricious  and  unmethodical. 
Opposite  rotations  are  sometimes  perceived  to  proceed 
simultaneously  in  different  members  of  a  single  spot-group; 
nay,  one  of  the  aggregated  umbrae  may  wheel  by  turns  in 
contrary  directions.    Effects  so  casual  cannot  dej^end  upon 
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a  fundamental  cause  ;  and  they  indeed  necessarily  arise 
when  matter  drawn  towards  a  centre  deviates,  however 
slightly,  from  a  radial  course.  Dr.  Halm  tries  to  reconcile  . 
the  contradiction  between  what  his  theory  demands  and 
what  observation  attests  by  suggesting  that  the  gyrating 
portions  of  a  spot  are  mainly  those  that  are  invisible  ;  but 
the  plea  is  inadmissible.  A  genuinely  spiral  structure 
should  throughout  bear  the  imprint  of  certain  characteristic 
features.  The  "  thatched  edges,"  for  instance,  which  so 
often  constitute  penumbrse,  could  no  more  subsist  as  the 
garniture  of  a  whirling  umbra  than  the  ship  of  Ul}  sses 
could  have  escaped  engulfment  by  Charybdis,  Nor  are 
the  uinbral  cavities  uniformly  dark.  Secchi  frequently 
saw  them  overspread  with  a  sort  of  floccular  haze ;  Mr. 
Maw  has  noted  in  them  delicate,  vein-like  traceries;  and  the 
'■  black  holes  "  first  detected  by  Dawes  are  unmistakably 
chasms  of  irregular  shapes  and  stationary  behaviour,  not 
foci  of  swirling  movements.  The  claims  to  acceptance  of 
the  cyclonic  theory  of  sunspots  are  in  fact  less  plausible 
now  than  they  seemed  thirty  years  ago,  when  less  evidence 
had  been  accumulated  by  which  to  try  their  vabdity. 

This,  fatal  though  it  be,  is  not  the  only  objection  to  Dr. 
Halm's  views.  They  are  also  in  glaring  disaccord  with 
observation  as  regards  the  connection  of  spots  with 
prominences.  They  involve  the  production  of  spots, 
cei'tainly  as  a  consequence,  but  far  from  the  neighbourhood 
of  a  primarv  outburst  of  metallic  flames ;  while  for  the 
avowed  object  of  harmonising  this  state  of  things  with 
what  is  actually  seen,  a  further  expedient  is  resorted  to. 

If  a  spot  be  a  vortex,  there  must  be  an  indraught  of  the 
surrounding  atmosphere  towards  its  centre.  The  screening 
action  accordingly,  owing  to  which  heat  collects  and  finally 
occasions  eruptions,  should  be  particularly  effective  over  a 
maculated  region.  Hence,  it  is  alleged,  the  close  associa- 
tion of  prominences  with  spots.  But  what  are  the  facts  ? 
Par  from  being  obscured  by  extra-absoi-ption.  spot-bearing 
tracts  of  the  photosphere  are  usually  of  dazzling  brilliancy. 
And  for  this  precise  reason  that  they  are  often  measurably 
humped  up  as  if  by  the  relief  of  pressure,  thus  j>artially 
di.scarding  the  veil  uniformly  spread  over  the  unbroken 
disc.  The  escape  of  heat  pent  up  by  an  atmospheric 
cloak  has  then  assuredly  nothing  to  do  with  the  genesis  of 
prominences. 

There  are  indeed  many  more  reasons  than  can  be  here 
adverted  to  in  detail  for  rejecting  the  opinion  that  spots 
are  mere  eddies  in  the  drifting  luminous  material  of  the 
photosphere.  Thus  Mr.  Maunder  has  expressly  dwelt,  in 
the  pages  of  this  journal,  upon  peculiarities  in  their 
movements  and  mode  of  development  indicating  their  deep- 
seated  nature.*  And  the  strange  frequency  of  antipodal 
outbreaks,  both  photospheric  and  chromospheric,  intimate 
as  their  precedent  conditions,  disturbances  reaching  to  the 
very  core  of  the  globe. 

Dr.  Halm's  interpretation  of  solar  phenomena  cannot, 
it  is  clear,  be  accepted  in  its  entirety ;  yet  it  includes  much 
that  is  instructive  and  suggestive.  Especially  noteworthy 
is  the  relation  elicited  by  him  from  Spoerer's  and 
Carrington's  observations,  between  the  rate  of  solar 
rotation  and  the  condition  of  the  solar  surface.  When 
spots  are  numerous,  he  finds  reason  to  conclude  that  the 
equatorial  drift  is  quicker  by  750  miles  a  day  than  when 
spots  are  scarce.  The  figures  tabulated  certainly  show 
a  cyclical  variation  of  the  indicated  kind ;  and  the 
result  is  in  itself  plausible.  It  needs,  however,  to  be 
verified,  since  figures  are  apt  to  show  illusory  coincidences 
which  vanish  with  the  repetition  of  the  series.  But  the 
enigma  of  the  sun's  rotation  has  hitherto  proved  so  baffling 
that  any  hint  towards  its  solution  is  welcome;  and  should 
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its  angular  speed  be  proved  actually  to  fluctuate  syn- 
chrouously  with  the  eleven-year  wave  of  solar  commotion, 
an  important  step  will  have  been  made  towards  unravelling 
its  intricacies. 

The  whole  subject  of  solar  physics  is,  year  by  year, 
taking  a  wider  scope,  and  acquiring  a  deeper  significance. 
The  complexities  of  the  lighting  and  warming  apparatus 
of  our  system,  its  self-regulating  power,  the  manifold 
interplay  of  its  parts,  the  fine  poise  of  its  equilibrium, 
strike  us  with  increasing  wonder  as  we  become  more 
intimately  acquainted  with  them.  More  and  more  keenly, 
too,  we  feel  our  ignorance  as  we  advance  in  knowledge ; 
information  on  many  points  is,  indeed,  still  in  a  visibly 
rudimentary  state,  but  it  is  gradually  gaining  further 
items,  and  while  ambitious  theories  are  constructed  only 
to  collapse,  something  of  value  survives  from  the  wreck  of 
each — a  crucial  circumstance  jJi'eviously  overlooked,  an 
original  train  of  reasoning,  a  valid  analogy.  The  gate  of 
mystery,  it  is  true,  remains  closed,  notwithstanding  the 
many  "  Open  Sesames  "  that  have  been  uttered  in  front  of 
it.  Yet  it  hangs  more  loosely  on  its  hinges  than  of  old, 
and  science  has  fresh  engines  in  reserve. 


PHOTOGRAPHS  OF  COMET  h  1902  (PERRINE). 

By  Isaac  Roberts,  d.sc,  p.r.s. 

Six  photographs  of  the  comet  have  been  taken  at  my 
observatory  with  the  20-inch  reflector,  and  five  with  the 
5-inch  Cooke  lens  simultaneously,  between  September  6th 
and  October  10th,  1902,  and  the  two  photograj)hs  on  the 
plate  annexed  illustrate  the  appearance  and  show  the 
position  of  the  comet  on  the  days  herein  given. 

Fig.  1. — The  comet  is  shown  as  it  appeared  on  the  tith 
September,  with  an  exposure  of  the  plate  during  ninety 
minutes ;  the  plate  being  held,  by  aid  of  the  clock 
mechanism,  steadily  on  one  point  in  the  sky  whilst  the 
comet  moved  in  its  course,  leaving  a  trail  on  the  film 
which  represents  the  distance  it  travelled  in  its  orbit 
during  the  exposure  of  90  minutes.  On  examination  of 
the  trail  on  the  negative,  by  aid  of  a  lens,  it  is  seen 
to  be  formed  of  a  series  of  circular  dots  which  closely 
resemble  the  images  of  rather  faint  stars  that  are 
visible  on  the  plate  around  the  comet ;  but  inasmuch  as 
the  comet  was  travelling  in  its  orbit  at  the  rate  of  about 
11.3  seconds  of  arc  each  minute  of  time  during  the  90 
minutes'  exposure  of  the  plate,  and  only  eight  dots  are 
visible  in  the  trail,  it  follows  that  a  very  short  interval  of 
time  was  required  to  form  each  dot. 

How  were  the  dots  formed  ?  There  was  no  movement  of 
the  plate  during  the  exposure  that  would  account  for  them, 
and  the  comet,  we  must  assume,  kept  steadily  on  its  course 
along  its  orbit  without  jerking  or  stopping.  The  answer  to 
the  question  is,  doubtless,  that  during  the  exposure  of  the 
plate  the  transparency  of  the  atmosphere  varied  frequently, 
and  the  clear  intervals,  though  of  very  short  duration, 
sufliced  to  give  the  highly  actinic  nucleus  time  to  leave  its 
image  on  the  film,  but  when  less  clear  intervals  occurred, 
the  nuclear  image  varied  in  intensity  down  to  invisibility. 
These  facts  indicate  that  the  nucleus  was  of  globular 
form  ;  that  it  was  highly  actinic,  for  although  siu-roimded 
by  a  deuse  coma  of  nebulous  nnitter,  it  did  not  obstruct 
the  light  of  the  nucleus  so  as  to  prevent  its  image  being 
formed  on  the  film  in  a  few  minutes  of  time.  The  nuclear 
images  are  round  notwithstanding  the  rapid  movement  of 
the  comet  in  its  orbit.  The  diameter  of  the  nucleus 
measured  about  14  seconds  of  arc,  and  the  length  of  the 
trail  about  103  seconds. 

Fig.  2. — The  photograph  was  taken  on  the  10th 
October,  with  an  exposure  of  the  platt?  during  52  minutes 
in  tlii^  20-incli  reflector,  ;ind  it  will  be  observed  that  the 


star  images  upon  it  consist  of  a  series  of  zigzag  trails, 
whilst  the  nucleus  of  the  comet  is  round.  In  this  case  the 
nucleus  was  used  as  a  fixed  point  for  guiding  purposes, 
whilst  the  images  of  the  stars  are  trails  which  represent 
the  distance  in  space  over  which  the  comet  moved  during 
the  exposure  of  52  minutes.  The  trails  were  produced  by 
the  frequent  necessity  of  moving  the  photographic  plate, 
in  order  to  counteract  the  motion  of  the  comet,  and  keep 
it,  as  steadily  as  possible,  upon  the  crosswires  in  the  eye- 
piece of  the  guiding  telescope  during  the  whole  exposure ; 
the  number  of  the  zigzags  in  the  trails  register  the 
number  of  the  corrections  made  during  the  exposure  of 
52  minutes. 

The  comet  appears,  on  this  photograph,  as  if  it  had 
been  viewed  at  rest  in  a  telescope,  and  the  various  details 
in  its  structure  are  therefore  seen  with  but  little  distortion. 

I  do  not  consider  it  necessary  for  me  to  write  any 
descriptive  matter  here  ;  each  reader  can  see  for  himself, 
by  examination  of  the  photographs,  the  cMma,  the  tail 
divided  with  rifts,  and  the  separation  into  two  tails.  One 
of  them  is  about  two  degrees  in  length,  and  the  other 
about  one  degree.  Of  course  some  of  the  fainter  details 
can  only  be  well  seen  on  the  original  negatives,  six  of 
which  are  available  for  examination  in  the  event  of  any 
scientific  investigations  requiring  their  use. 


THE  LUNAR  ECLIPSE  OF  1902,  OCTOBER  16." 

A  series  of  measures  was  made  by  Prof.  "W.  H- 
Pickering  of  the  diameter  of  the  bright  spot  surrounding 
Linnc  before  and  after  the  passage  of  the  shadow  of  the 
earth  during  the  total  lunar  eclipse  of  October  Iti,  1902. 
The  measures  were  all  made  in  a  north  and  south  direction, 
with  the  filar  micrometer  attached  to  the  lo-inch 
equatorial.  The  magnifying  power  used  was  550  dia- 
meters. The  seeing  was  fairly  good,  and  nearly  uniform 
throughout  the  observations,  being  about  5  on  the  standard 
scale  of  10  {Harmrd  Annals,  XXXIL,  120).  After  the 
passage  of  the  shadow,  it  was  slightly  inferior,  perhaps  4. 
Unfortunately  clouds  stopped  observations  before  an 
absolute  measure  of  the  quality  of  the  seeing  could  be 
made.  Various  corrections  were  made  to  the  measures 
for  the  thickness  of  the  micrometer  thread,  the  pitch  of 
the  micrometer  screw,  and  for  a  subjective  effect  described 
in  Harvard  AnnaU,  XXXII ,  page  204.  During  the 
observations  on  October  16  the  sun  had  been  shining  on 
Linne  from  8'5  to  8'7  days. 

On  October  16,  on  the  approach  of  the  umbra,  and 
when  the  penumbra  already  lay  across  Linnc,  the  white 
spot  began  to  grow  in  size,  and  by  the  time  that  the  umbra 
had  passed  away,  its  diameter  was  very  materially  in- 
creased by  an  amount  of  2'''75.  This  increase  was  notably 
larger  than  that  caused  by  the  eclipse  of  1898,  when  Mr. 
A.  E.  Douglas  estimated  by  three  different  methods  the 
inci-ease  to  be  0"-82,  0"-73,  and  0"-15  ;  or  than  that  of 
1899,  when  Mr.  W.  H.  Pickering  estimated  the  increase 
to  be  0"'14.  Mr.  Pickering  remarks  that  in  the  present 
instance  the  great  increase  in  size  could  not  have  been 
due  to  defective  seeing  after  totality,  for  the  effect  of  bad 
seeing  on  spots  of  this  size  is  rather  to  diminish  their 
dimeusions,  as  shown  by  the  measurements  of  artificial 
disks,  and  therefore  could  not  produce  the  effect  observed. 
"  Moreover,"  he  says,  "  this  change  in  size  was  so  con- 
spicuous to  tiie  eye,  even  before  I  made  any  measures, 
that  at  first  I  queried  whether  the  object  could  really  be 
Liuue.  To  satisfy  myself  1  re-identified  it  by  means  of 
some  small  craterlets  in  its  immediate  vicinity.  It  is 
certain  that  at  no  time  during  the  observations  was  the 
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seeing  as  good  nor  as  bad  as  it  had  been  during  some  of 
the  observations  made  in  1898  and  1899,  when  the  spot 
was  very  much  smaller. 

'•  The'  real  explanation  of  the  unusually  large  change  in 
the  size  of  the  spot,"  he  continues,  "  I  believe  to  be  that 
Linni'  was  more  active  than  heretofore,  and  therefore  that 
there  was  more  moisture  about  it  to  condense. 

'•  A  series  of  measures  made  on  October  20,  at 
15h.  26ra.,  or  12'''6  after  sunrise,  gave  a  diameter  of 
4"61 :  secingS  in  the  standard  scale.  The  seeing,  as  judged 
bv  the  image  of  the  moon,  was  clearly  inferior  to  that  at 
any  time  during  the  night  of  October  1(3.  The  image  of 
Linnc  was  much  larger  than  it  appeared  by  any  of  the 
measures  made  before  the  eclipse,  and  much  smaller  than 
it  appeared  by  any  of  the  measures  made  after  it.  It 
therefore  appears  that  the  sudden  increase  of  size  after 
totality  could  not  be  due  to  inferior  seeing. 

"  It  also  appears  that  on  or  before  October  20  the  spot 
had  again  begun  to  shrink  in  size,  due,  presumably,  to 
evaporation  in  the  intense  sunlight.  Four  measures  of 
the  spot  made  in  1898,  from  12'''4  to  13''7  after  sunrise, 
gave  diameters  of  3"'-52,  3"'24,  3"-42,  and  3"-46  (Harvard 
Annoh,  XXXII.,  206).  The  measui-es  made  on  October  20, 
1902,  4"'C)1,  therefore  confirms  those  of  October  1-5  and  16, 
in  showing  that  the  spot  has  increased  in  size  during  the 
last  three  years." 

♦ 

llttttrs. 


[The  Editors  do  not  hold  themselres   responsible    for   the   opinions 
or   statements   of   correspondents.] 

THE  VISIBILITY  OF  THE  CRESCENT  OF  VENUS. 

TO   THE   EDITORS    OF    KNOWLEDGE. 

Sirs, — In  the  December  issue  of  Knowledge  is  a  letter 
on  the  visibility  of  the  crescent  of  Venus  with  the  unaided 
eye,  with  regard  to  which  1  should  like  to  make  a  remark. 

At  the  time  of  the  observation — the  end  of  October  or 
beginning  of  November,  1901 — Mercury  would,  of  course, 
be  a  beautiful  crescent. 

The  writer  of  the  letter  points  out  the  planet  to  two 
naked-eye  observers,  and  then  they  are  shown  the  crescent 
in  the  telescope.  Their  attention  is  the7i  directed  to  a 
similar  object  in  proximity  to  that  just  examined.  Now, 
under  the  circumstances,  perhaps  it  is  not  altogether 
surprising  that  one  of  them  should  have  the  sagacity 
(shall  I  call  it)  to  infer  that  the  "  shape  "  would  be  "  just 
like  the  new  moon." 

But  the  second  part  of  the  observation,  referring  to  the 
"  rest  of  the  star,  the  dark  round  we  see,"  is  beyond  my 
comprehension,  and  I  should  like  to  ask  the  writer  if  he 
can  kindly  describe  its  appearance  in  the  telescope.  I 
sup]5ose  it  had  some  reference  to  earthshine  upon  our 
satellite.  T.    H.    Astbuey. 

Croft  Villas,  Wallingford. 


HABITS     OF     SANITATION. 

TO   THE   EDITORS    OF    KNOWLEDGE. 

SiES, — I  have  read  with  much  interest  the  article  by 
Mr.  Cox  on  the  "  Domestic  Economy  of  the  Thrush."  As 
regards  the  sanitary  habits  of  the  thrush  and  other  birds, 
may  I  suggest  that  the  i>ractice  is  much  more  common 
than  appears  to  be  known,  and  was  probably  origiaallv 
followed  by  all  animals  whose  young  are  helpless  and 
incapable  of  locomotion.  The  domestic  cat  disposes  of  the 
excreta  of  her  young  in  the  same  way,  and  for  the  first 
three  weeks  her  nest  is  absolutely  sweet  and  clean. 

M.  S.  S. 


Astronomical. — Fizeau's  experiment  for  the  determina- 
tion of  the  velocity  of  light  has  recently  been  repeated  on 
an  imposing  scale  by  M.  Perrotin,  Director  of  the  Nice 
Observatory.  The  mean  result  of  1109  observations  gives 
the  velocity  in  vacuo  as  299,860  kilometres  or  186,328  miles 
per  second.  Taking  the  value  8"'S05  for  the  solar  parallax, 
as  derived  from  observations  of  Eros,  the  theoretical  value 
of  the  constant  of  aberration  is  20"465,  which,  it  is 
gratifying  to  find,  is  exactly  that  adopted  by  the 
International  Conference  of  1896. — A.  F. 

New  Comet  (1902  d). — A  new  comet  was  discovered  on 
December  2,  and,  though  extremely  faint  at  present,  it 
occupies  a  very  favourable  position  for  observation.  Early 
in  December  it  was  estimated  as  about  magnitude  11^. 
On  January  1,  1903,  the  comet  will  be  placed  about  nine 
degrees  west  of  the  bright  star  Procyon,  and  a  week  later 
may  be  found  some  eight  degrees  west  of  /3  Canis  Minoris. 
At  this  period  the  comet  will  be  nearly  three  times  as 
bright  as  it  was  ou  the  night  of  its  discovery.  Its  motion 
is  slow  towards  the  north-west,  and  directed  to  the  stars 
in  the  western  region  of  Gemini.  The  comet  is  well 
visible  during  nearly  the  whole  night,  and  promises  to 
remain  in  view  for  a  considerable  period,  for  according  to 
the  elements  of  the  orbit  computed  by  Ebell  at  Kiel  (Ast. 
Nach.,  3834),  the  perihelion  passage  will  not  take  place 
untU  April  19  next.— W.  F.  D. 

Botanical. — It  is  probable,  judging  from  the  enquiries 
occasionally  made,  that  the  interesting  articles  published 
on  the  Mexican  jumping  bean  are  not  generally  known. 
The  beans  (or  seeds)  are  not  iufrequently  met  with,  being 
distributed  as  curiosities  remarkable  in  possessing  the 
power  of  motion.  The  cause  of  this  motion  was  not 
difficult  to  explain,  for  on  cutting  through  the  seeds,  a 
single  whitish  worm  was  found  in  each.  This  was  the 
larva  of  an  insect  to  which  the  name  of  Carpocapsa 
saltitans  was  given  many  years  ago,  but  it  was  not  till 
1891  that  Dr.  Rose,  of  the  United  States  National 
Herbarium,  was  able  to  identify  the  plant  which  produced 
the  seeds,  though  it  was  known  that  it  belonged  to  the 
Spurge  family  (Euphorbiaceit).  From  the  observations 
made  by  Dr.  Palmer  while  collecting  plants  in  Mexico,  and 
from  the  specimens  which  were  received  from  him,  it  was 
concluded  that  the  source  of  the  jumping  beans  was  a  new 
species  of  Sebagtiania,  which  Dr.  Rose  called  S.  PaJmeri. 
This  is  a  dia?eious  shrub  or  small  tree,  with  the  usual 
three-celled  capsule  of  the  order.  Each  cell  contains  a 
subglobose  seed  about  two  lines  in  diameter.  The  larva  is 
supposed  to  be  hatched  from  an  egg  deposited  on  the 
outside  of  the  capsule,  which  it  penetrates  while  still  very 
young.  It  remains  for  a  long  jaeriod  in  the  larva  stage, 
during  which  it  feeds  on  the  substance  within  the  integu- 
ments of  the  seed,  nothing  remaining  but  a  thin  light 
shell,  which  on  being  detached  readily  responds  to  the 
peculiar  movements  of  the  larva  within.  Usually  the 
seed.s  are  moved  from  side  to  side,  but  sometimes  they  are 
made  to  jump  short  distances.  The  jumping  bean  insect 
is  closely  related  to  the  common  apple  worm  (Carpocapsa 
yomonella).  It  is  known  to  attack  the  seeds  of  a  second 
species  of  Sebastiania  (S.Priii(ilei),vih\\e  an  allied  species 
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is  fouud  ill  the  seeds  of  S.  hilondark.  lu  referring  to  the 
juuipiug  bean,  the  late  Prof.  Riley  called  attention  to  the 
extraordinary  seed-like  galls  found  in  great  numbers  on 
the  leaves  of  some  North  American  oaks.  The  ground 
where  they  have  fallen  seems  to  be  alive  with  motion,  and 
the  noise  which  this  causes  resembles  the  pattering  of  rain. 
The  galls  are  produced  by  Cynips  saltaioriua,  which,  in  the 
pupa  state,  is  said  to  be  capable  of  jumping  twenty  times 
its  own  length. — S.  A.  S. 

Entomological. — A  most  important  contribution  on 
the  "  Bionomics  of  South  African  Insects,"  with  regard  to 
the  value  of  natural  selection  as  explaining  cases  of 
"  warning  coloration  "  and  "  mimicry,"  appears  in  the 
latest  number  of  the  Transactions  of  the  Entomoloaical 
Society  of  London  (1902.  pp.  287-584,  Pis.  IX.-XXlil.), 
being  the  conjoint  work  of  Mr.  G-.  A.  K.  Marshall  and 
Prof.  E.  B.  Poulton.  Numerous  experiments  on  the 
palatibility,  or  otherwise,  of  Acraeine  and  Dauaine 
butterflies  and  other  insects  with  "  warning  colours  "  are 
recorded.  The  general  impression  given  liy  the  records  is 
that  "  warning  colour  "  is  frequently,  though  by  no  means 
always,  of  protective  value.  Mantids,  for  example,  appear 
not  to  recognise  these  colours  as  indicating  distastefulness, 
though  they  often  refused  Acraeine  butterflies  after  trial, 
and  when  induced  to  eat  them  through  hunger,  suffered 
in  health.  Perhaps  the  most  valuable  support  afforded 
by  Mr.  Marshall's  observations  to  the  theory  of  natural 
selection  is  his  undoubted  demonstration  that  butterflies 
are  frequently  pursued  by  birds  and  superficially  injured 
l>y  them,  thus  effectually  disposing  of  the  objection  that 
butterflies  have  nothing  to  fear  from  birds.  The  observa- 
tions on  seasonal  dimorphism  in  the  genus  Precis  are  of 
very  special  interest.  It  seems  likely  that  the  striking 
difference  between  the  dry  and  wet  season  phases  of  these 
insects  is  due  to  the  need  for  perfect  protective  resemblance 
in  the  former  season,  when  insectivorous  animals  are  short 
of  food,  and  the  struggle  for  survival  among  insects  is  very 
keen,  and  to  the  advantages  of  warning  colours  in  the 
latter  season  when  insect  life  is  abundant. 

During  the  last  ten  years  M.  Chas.  Janet  has  published 
twenty-two  valuable  "  Etudes  sur  les  Fournin,  les  Guepes, 
et  les  Abeilles."  His  latest  contribution  is  a  careful  study 
of  the  structure  of  the  hind- body  in  the  common  red  ant 
(■'Anatomie  du  Gaster  de  la  Myriirica  rubra."  Paris: 
Carre  and  Naud,  1902).  The  musculature,  the  nerve- 
centres,  the  digestive  system,  and  the  re[iroductive  organs 
are  described  in  detail,  and  the  functions  of  the  various 
parts  discussed. — G.  H.  C. 

Geographical. — Dr.  Sven  Hediii,  who  read  a  paper  <m 
his  last  journey  in  Central  Asia,  to  the  Royal  Geogra[ducal 
Society  on  December  8th,  seems  to  lack  no  quality  necessary 
for  a  great  explorer.  His  previous  journeys,  as  well  as  his 
latest  journey  of  nearly  throe  years'  duration,  have  jirovod 
him  to  be  one  of  the  finest  travellers  the  world  has  seen. 
Not  only  is  he  jiossessed  of  remarkable  endurance  and 
great  pluck  and  determination,  but  he  has  great  powers  of 
oliservation,  and  understands  besides  what  is  important  to 
examine  and  record  minuti'ly,  while  his  knowledge  of 
languages  is  extraordinary.  In  the  short  time  available 
in  an  evening.  Dr.  Hediu  could  describe  but  a  portion  of 
his  long  and  arduous  journey,  but  we  believe  that  a 
popular  account  of  his  expedition  will  be  published  shortly, 
while  the  scientific  results  cannot  of  course  be  made  known 
until  the  mass  of  material  and  the  records  obtained  have 
been  worked  out,  and  this  will  be  carried  out  by  specialists 
under  the  auspices  of  the  Svvedish  Goverument.  A 
part,  at  all  events,  of  these  results  will  be  j)ublished  in 
the  English  language.     The  googra[ihical  portion  of  the 


scientific  results  will  be  provided  by  the  traveller  himself, 
and  the  material  obtained  will  necessitate  the  complete 
revision  of  existing  maps  of  Eastern  Turkestan.  The 
following  is  an  outline  of  Dr.  Hedin's  journey  : — Leaving 
Kashgar,  in  Eastern  Turkestan,  in  September,  1899,  Dr. 
Hedin  proceeded  eastwards  up  the  Tarkand  River,  and 
eventuallv  arrived  in  the  region  of  Lob  Nor.  Here  he 
found  a  ruined  town,  which  he  twice  visited  and  partially 
excavated.  Amongst  other  valuable  material.  Dr.  Hedin 
found  in  these  ruins  a  number  of  Chinese  manuscripts 
which  thi-ow  light  upon  the  physical  and  political  geography 
of  the  interior  of  Asia  during  the  fir.st  centuries  after 
Christ,  and  show  what  prodigious  changes  have  taken 
place  in  that  part  of  the  world  during  the  last  fifteen 
hundred  years.  These  finds  and  Dr.  Hedin's  careful 
investigations  of  the  neighbouring  Gobi  Desert  lead  him 
to  the  conclusion  that  Lob  Nor,  or  the  Lake  of  Kara 
Koshun,  is  gradually  creeping  northwards,  and  will 
eventually  reach  the  bed  in  which  it  certainly  was  in  the 
year  26.5  a.d.  After  the  completion  of  this  work  in  the 
Gobi  Desert  and  round  Lob  Nor,  Dr.  Hedin  went  into 
camp  for  a  month  and  prepared  a  large  caravan  for  a 
journey  southwards  into  Tibet.  We  have  not  space  for  a 
description  of  Dr.  Hedin's  two  most  determined  and 
plucky  attempts  to  reach  Lhasa.  Each  time  he  was 
confronted  and  surrounded  by  greatly  superior  forces  of 
armed  Tibetans,  who  had  the  strictest  injunctions  not  to 
allow  him  to  proceed.  After  trying  every  means  in  his 
l)Ower  to  gain  entry  into  the  holy  city,  he  was  at  last 
forced  to  turn  to  the  west,  and,  crossing  the  northern  part 
of  Tibet  from  east  to  west  (in  itself  a  remarkable  journey), 
he  arrived  at  length  in  Kashmir  in  December,  1901. 
Sj)ending  his  Christmas  at  Leh,  and  the  early  part  of 
January,  1902,  with  Lord  Curzon,  at  Calcutta,  he  then 
returned  to  the  north,  and,  picking  up  his  caravan  again, 
proceeded  from  Leh  back  to  Kashgar,  where  he  arrived  on 
March  14th,  1902. 


Zoological. — At  the  meeting  of  the  Zoological  Society, 
held  on  November  18th,  was  read  an  extract  from  a  letter 
from  Mr.  D.  Russell,  Hon.  Sec.  to  the  Otago  .Acclimatization 
Society,  giving  an  account  of  the  successful  naturalization 
of  the  red  deer  in  New  Zealand.  Two  stags  and  six  hinds 
had  been  turned  out  in  1868,  and  their  offspring  now 
numbered  between  4000  and  5000  individuals.  The 
carcases  of  some  of  these  deer  weighed  from  500  to  600  lbs. 

The  variation  in  the  shape  of  the  antlers  of  the  Scan- 
dinavian oik  formed  the  subject  of  a  communication  from 
Dr.  Einar  Ijonnberg,  of  Upsala,  read  at  the  following 
meeting  of  the  same  body.  In  this  it  was  shown  that  elk 
are  not  unfrequently  met  with  in  Scandinavia  with  antlers 
of  the  general  tvpe  of  those  recently  descriljed  as  Alces 
hedfordini ;  these  elk  also  differing  somewhat  in  bodily 
shape  and  colour  from  the  ordinary  form.  Since,  however, 
they  do  not  seein  to  be  restricted  to  a  particular  locality, 
they  cannot  ajiparently  be  regarded  as  indicating  a 
distinct  race.  A  reindeer  skull,  with  antlers,  from 
Novaia  Zenibia,  was  also  described  at  the  same  meeting, 
and  regarde<l  as  belonging  to  a  new  race  nearly  allied  to 
sonic  of  the  A  luerican  forms  of  the  species. 

Two  important  memoirs  on  the  fauna  of  the  northern  part 
of  the  Western  Hemisphere  have  recently  aj^peared.  Under 
the  title  of-  Gronlands  Pattedyr,"  Dr.  H.  Winge  {MMdel- 
elser  om  Groiiland,  Vol.  XXI.)  publishes  an  annotated  list 
of  the  laud  and  marine  mammals  of  Greenland.  In  the 
course  of  his  notes  ho  mentions  that  the  reindeer  skulls  and 
antlers  recently  described  by  SignorCainerano  0,3  Eangifer 
npitzbcrgeHi^is,  are  really  from  Greenland.  The  second  of 
tlie  two  memoirs,  by  Mr.  E.  A.  Preble,  forming  No.  22  of 
the  North   American  Faiina,  is  devoted  to  the  mammals 
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and  birds  of  tlie  Hudson  Bay  district.  'Although  com- 
paratively few  forms  are  described  as  new,  the  notes  in 
this  memoir  are  very  important  to  naturalists,  since, 
judged  by  modern  standards,  our  knowledge  of  the 
Hudson  Bay  fauna  was  very  imperfect. 

Royal  Society's  Medals. — The  medals  of  the  Royal 
Society  have  been  awarded  this  year  as  follows:  — 

The  Copley  Medal  to  Lord  Lister,  in  recognition  of  the 
value  of  his  j>hysiological  and  pathological  researches  in 
regard  to  their  influence  on  the  modern  practice  of  surgery. 
The  main  result  of  those  researches,  namely,  the  definite 
proof  that  the  suppuration  of  wounds,  no  less  than  putre- 
faction, was  the  work  of  living  organisms,  was  not  reached 
as  a  happy  accident ;  it  was  the  natural  outcome  of  long- 
coutiuued  scientific  observation  and  reasoning. 

The  Bamf<ird  Medal,  which  is  awarded  for  "new 
inventions  and  contrivances  by  which  the  generation  and 
pi'eservation  and  management  of  heat  and  of  light  may  be 
facilitated,"  was  given  to  the  Hon.  Charles  Algernon 
Parsons.  By  his  invention  and  perfection  of  the  steam 
turbine,  he  has  not  only  provided  a  prime  mover  of 
exceptional  efficienc}'  workiug  at  a  high  speed  without 
vibration,  but  has  taken  a  step  forward  which  marks  au 
epoch  in  the  history  of  the  appHcation  of  steam  to  industry, 
and  which  is,  probably,  the  greatest  since  the  time  of 
Watt 

The  Roi/aJ  Medals  were  conferred  upon  Prof.  Horace 
Lamb,  for  his  investigations  in  mathematical  physics,  and 
Prof.  Edward  Albert  Schiifer,  for  his  researches  into  the 
functions  and  minute  structure  of  the  central  nervous 
system,  especially  mth  regard  to  the  motor  and  sensory 
functions  of  the  cortex  of  the  brain. 

The  Davy  Medal  was  given  to  Prof.  Svante  August 
Arrheuius,  for  his  application  of  the  theory  of  dissociation 
to  the  explanation  of  chemical  change. 

The  Darwin  Medal  was  awarded  to  Mr.  Francis-  Galtou, 
for  his  numerous  contributions  to  the  exact  study  of 
heredity  and  variation  contained  in  "  Hereditary  Genius," 
"Natural  Inheritance,"  and  other  writings.  It  may  safely 
be  declared  that  no  one  living  has  contributed  more 
definitely  to  the  progress  of  evolutionary  study,  whether 
by  actual  discovery  or  by  the  fruitful  direction  of  thought, 
than  Mr.  Galton. " 

The  Buchanan  Medal,  awarded  every  five  years  for 
distinguished  services  to  hygienic  science  or  practice,  is 
given  to  Dr.  Sydney  A.  Moncktou  Copeman,  for  his  experi- 
mental investigations  into  the  bacteriology  and  comparative 
pathology  of  vaccination. 

The  Hughes  Medal  has  been  conferred  upon  Prof. 
Joseph  John  Thomson,  in  recognition  of  his  contributions 
to  the  advancement  of  electrical  science,  especially  in 
connection  with  the  phenomena  of  electric  discharge 
through  rarefied  eases. 


Britisf)  <§vmti^olog;tcal  Notes. 

Conducted  hy  Haery  F.  Witheeby,  f.z.s.,  m.b.o.u. 

Swallows'  Nesting  Hahits. — Mr.  Cox,  in  his  interesting  article  on 
the  "  Domestic  Economy  of  tlic  Tlirush  "  (Knowledge,  December, 
1902),  says  that  the  parent  birds  seem  to  feed  the  youug  ones  indis- 
criminately. Tlie  following  will  show  that  this  is  "not  the  case  with 
all  birds.  One  morning  a  paii-  of  Swallows  flew  through  the  dressing- 
room  window  into  my  brother's  bedroom  at  Frocester  Court, 
Gloucestershire,  perched  on  a  picture,  chattered,  and.  apparently, 
took  stock  of  the  place.  This  they  repeated  for  several  days,  and, 
finally,  made  a  nest  in  the  becb-oom  about  on  a  level  with  one's  lead. 
During  incubation  the  chambermaid  might  come  into  the  room,  and 
do  her  ordinary  work,  but  if  she  went  near  the  nest  the  bird  flew  out 
of  the  window.  If  a  stranger  or  ami  other  member  of  the  household 
entered  the  room  she  flew  out  at  once.  On  the  other  hand,  she 
allowed  my  brother  to  do  anythhig,  take  her  off  the  nest  and  put  her 


back,  handle  the  eggs,  and  so  on.  When  the  young  were  hatched  he 
noticed  that  the  cock  fed,  say,  Tso.  1  and  then  No.  3,  the  hen  feeding 
Nos.  2  and  4 ;  so  he  tried  to  puzzle  them  by  repeatedly  shifting  the 
young  ones;  but  the  birds  always  knew  which  had  been  fed  last,  and 
never  made  a  mistake.  In  course  of  time  they  flew,  but  always 
returned  at  night  till,  early  one  morning,  the  whole  family,  instead  of 
flying  out  for  the  day  as  usual,  perched  on  the  rail  at  the  head  of  the 
bed  and  kept  up  an  incessant  twittering  for  an  hour  or  more,  and  then 
flew  oil  not  to  return  that  yeir.  I  may  mention  that  my  brother  had 
placed  a  chain  and  padlock  on  the  window  to  prevent  anyone  closing 
it.  A  pair  tried  to  repeat  the  pi'ocess  nest  year,  but  for  obvious 
reasons  were  not  allowed  to  do  so,  and  the  window  was  kept  closed 
till,  I  suppose,  they  had  selected  a  nesting  place  elsewhere. — Geokgk 
J.  CnAPSiAX,  Carlecotes,  Dunford  Bridge,  Shellield. 

Migration  of  Blue-heailed  Wagtails  CMolacilla  flaea)  in  Kent  and 
Sussex. — Mr.  N.  F.  Ticehurst  has  lately  been  keeping  observation, 
with  Mr.  M.  J.  NicoU,  on  the  migration  of  Wagtails  along  the  coast 
of  Kent  and  Sussex.  The  conclusion  reached  is  that  tlie  Blue-headed 
Wagtail,  which  has  been  considered  hitherto  as  an  irregular  visitor  on 
migration  to  Great  Britain,  is  a  regular  visitor  over  this  whole  area. 
It  arrives  from  the  20th  of  April  to  the  1st  of  May,  and  it  is  thought 
that  some  remain  to  breed.  The  rctvii-n  flight  of  these  birds  consists 
chiefly  of  young  ones,  which  pass  about  the  third  week  in  August. 

Wafer  Pipit  (Anthus  spipoletlij  in  Siisser.—At  the  November 
meeting  of  the  British  Ornithologists'  Club,  Mr.  Howard  Saunders 
exhibited  a  female  specimen  of  a  Water  Pipit  obtained  by  Mr.  M.  J. 
Nieoll  in  Rye  Harbour  on  October  20th.  'This  bird  seemed  to  be  the 
seventh  example  of  the  species  recorded  for  Sussex,  while  a  specimen 
had  been  procured  in  Carnarvonshire  and  another  in  Lincolnshire. 
The  Water  Pipit  is  very  much  like  the  Scandinavian  form  of  the 
Rock  Pipit.  It  seldom  visits  us,  although  it  breeds  as  near  to  us  as 
in  the  Alps  and  the  mountains  of  Germany  and  Central  Europe,  as 
well  as  in  the  Pyrenees  and  some  of  the  mountain  ranges  in  the 
Spanish  Peninsida. 

Glossif  Ibis  in  Ireland  (The  Field,  November  29th,  1902,  p.  930.)— 
The  Glossy  Ibis  has  been  recorded  from  England  several  times  this 
autumn,  and  now  Messrs.  AVilhams,  of  Dublin,  record  that  a  male 
specimen  was  shot  in  Co.  Clare  and  a  female  near  Wexford. 

All  contributions  to  the  column,  either  in  the  way  of  notes 
or  photograplis,  should  be  forwarded  to  Habry  F.  Witheeby, 
at  the  Office  o/ Knowledge,  326,  High  Holhorn,  London. 


^oticm  of  Boolts. 

"  History  of  Astrono-my:  during  the  Nineteenth 
Century."  Fourth  edition.  By  Miss  Agnes  Gierke.  A.  &  C. 
Black.  1902.)  Illustrated.  16s. — In  a  few  words  Miss  Gierke 
gives  a  picture  of  the  state  of  sidereal  science  when  the  last 
quarter  of  the  eighteenth  century  began.  "It  included,"  .she  says, 
"  three  items  of  information  :  That  the  stars  have  motions,  real 
or  apparent ;  that  thej-  are  immeasurably  remote  ;  and  that  a.  few 
shine  with  a  periodically  variable  light.  Nor  were  these  scantily- 
collected  facts  ordered  into  any  promise  of  further  development. 
They  lay  at  once  isolated  and  confused  before  the  inquirer. 
They  needed  to  be  both  multiplied  and  marshalled,  and  it 
seemed  as  if  centuries  of  patient  toil  must  elapse  before  any 
reliable  conclusions  could  be  derived  from  them.  The  sidereal 
world  was  thus  the  reoognissd  domain  of  far-reaching  specula- 
tions, which  remained  wholly  unoramped  by  systematic  research 
until  Herschel  entered  upon  his  career  as  an  observer  of  the 
heavens.'' 

And  now  we  have  entered  on  the  first  quarter  of  the  twentieth 
century,  and  the  intervening  years  have  been  as  many  centuries 
in  the  multiplication  of  facts  and  fancies  in  this  same  sidereal 
science.  All  the  greater  need  that  they  should  be  marshalled 
and  passed  in  review  ;  that  fact  should  be  joined  to  fact  in  a 
promise  of  further  development  ;  that  proved  fact  should  be 
disjoined  from  unproven  fancy  lest  the  two  together  should 
point  out  a  wrong  conclusion,  and  knowledge  be  darkened  in  a 
confusion  of  words.  This  gigantic  task  Miss  Gierke  first 
undertook  in  188.5,  in  her  first  edition  of  this  book.  A  second 
edition  followed,  and  a  third  in  189.'!.  The  nine  years  which 
followed  witnessed  such  a  march  in  almost  all  the  branches  of 
astronomy  that  in  her  fourth  and  present  edition  Jliss  Gierke 
has  found  it  necessary  to  rewrite  the  book  almost  from  cover  to 
cover.  That  the  volume  does  not  bulk  larger  than  the  previous 
editions  is  due  to  the  smaller  print  and  thin  paper  which  the 
publishers  have  used. 
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Miss  Gierke's  qnaliflcations  for  her  task  are  unique.  The 
first  requisite — patient  industry — has  been  preeminently  hsrs. 
The  thoroughness  with  which  she  worked  over  the  ground 
covered  by  the  astronomers  of  the  earlier  part  of  last  century, 
and  the  persistency  with  which  she  has  kept  her  finger  on  the 
pulse  of  the  science,  from  the  time  when  she  first  commenced 
the  work,  are  most  remarkable.  But  the  "  History  "  is  far 
indeed  removed  from  any  mere  dr3'-as-dust  compilation, 
for  with  rare  judgment  she  orders  fact  and  theory  in  their  due 
l)roportious,  pointing  out  their  accordances,  discrepancies,  and 
contradictious  ;  the  accordances  which  establish  the  truth  of  a 
theory  ;  the  contradictions  between  fact  and  theory  that  cry 
out  for  the  reconstruction  of  the  latter  ;  the  discrepancies  which 
so  often  point  out  the  openings  to  n^w  avenues  of  knowledge. 
But  great  research  and  rare  judgment  may  be,  and  indeed  often 
are  found  together  in  a  book  that  is  almost  unreadable,  through 
the  writer's  powerlessness  of  e.xpressiou.  But  not  here,  for 
Miss  Gierke's  literary  skill  and  brilliant  style  are  even  more 
apparent  than  ber  industry  and  judgment.  It  may  be  possible 
to  find  here  an  important  observation  overlooked,  or  there  a 
wrong  conclusion,  but  throughout  the  whole  volume  it  would 
be  impossible  to  fiud  a  dull  page  or  an  ambiguous  sentence. 

Where  the  whole  is  so  excellent  it  may  seem  somewhat 
ungracious  to  call  attention  to  what  is  perhaps  little  more  than 
some  dust  on  the  balance,  but  Miss  Gierke  herself  has  led  the 
way  for  its  removal  by  reversing  many  of  the  conclusions 
recorded  in  the  earlier  editions. 

One  of  these  conclusions  still  finding  place  in  the  fourth 
edition  is  the  too  close  connection  claimed  for  Carrington's  and 
Hodgson's  "  white  patches"  of  solar  light  on  September  1,  and 
the  magnetic  disturbances  of  the  same  day.  It  is  trne  that  a 
great  magnetic  storm  raged  from  August  28  to  September  4, 
but  at  the  actual  time  of  Carrington's  observation  there  was  a 
lull  in  this  storm,  and,  as  Mr.  Ellis  pointed  out  in  Nature  for 
1803,  the  magnetic  trace  was  but  disturbed  by  a  small  "  twitch  " 
of  such  a  common  and  ordinary  character,  that  we  cannot  believe 
that  it  was  any  direct  result  of  the  solar  outburst.  Such 
"twitches"  have  been  noted  since  at  all  periods  of  sunspot 
activity,  but  Carrington's  observation  has  never  been  repeated. 

In  another  case  Miss  Gierke  fails  to  see  the  force  of  her  own 
reasoning  with  respect  to  the  constitution  of  the  planet  Venus. 
In  one  place  she  says: — "We  are  almost  equallj-  sure  that 
Venus,  as  that  the  earth  is  encompassed  with  an  atmosphere.'' 
In  another,  when  discussing  spectroscopic  observations  of  the 
planet  :  "  Some  additions  there  ifideed  seem  to  be  in  the 
thickening  of  a  few  water  and  oxygen  lines  ;  but  so  nearly 
evanescent  as  to  induce  the  persuasion  that  most  of  the  light 
we  receive  from  Venus  has  traversed  only  the  tenuous  upper 
portion  of  the  atmosphere.  It  is  refiected  at  any  rate  with 
com])aratively  slight  diminution."  And  again  :  "  The  reflective 
power  of  Venus  must  be  singularly  strong.  And  we  find, 
accordingly,  from  a  comparison  of  Ziillner's  with  Midler's 
results,  that  its  albedo  is  but  little  inferior  to  that  of  new-fallen 
snow  ;  in  other  words,  it  gives  back  77  per  cent,  of  the  luminous 
rays  impinging  upon  it."  Now  it  is  evident  from  these  observa- 
tions that  we  do  not  receive  light  from  Venus  herself,  but  only 
from  the  outer  surface  of  her  atmosphere,  and  that  therefoi'e  it 
is  not  possible  for  us  to  see  the  configuration  of  the  planet's 
crust.  Miss  Gierke  acknowledges  this,  but  in  the  matter  of  the 
planet's  rotation,  she  is  overpowered  by  the  positive  assertions 
of  careful  and  trustworthy  observers  that  markings  seen  by 
them  have  altered  their  position  ;  more  especially  is  she 
influenced  by  the  groat  names  of  Schiaparelli  and  Lowell. 
Since  the  publication  of  the  "  Historj',''  Mr.  Lowell  has  with- 
drawn his  observations  of  radiating  markings  on  Venns,  as 
evidence  showed  them  to  be  subjective  ;  and  as  for  other 
observers,  their  many  discrepancies  seem  indeed  but  to  strengthen 
tlio  theoretical  position  that  we  do  not  and  cannot  see  the  seas 
and  continents  of  Venns  and  their  I'otation,  be  it  fast  or  slow 
I'ound  her  axis. 

"JOUKNAI.   AND    PuOCEEDINGS  01'   THE    ROVAI.    SOCIETY  OP 

New  South  Walks." — One  of  the  most  interesting  pa])ers  in 
this  volume  is  by  Mr.  (K  H.  Knibbs,  r.n.A.s.,  on  "The  Principle 
of  Continuity  in  the  Thoor^y  of  Space."  The  subject  is  treated 
with  more  lucidity  than  might  have  been  expected  whore  not 
only  pure  but  pseudo-homuloidal  space  of  /(-dimensions  is  taken 
into  account.  It  is  obvious,  as  the  author  puts  it,  that  if  we 
define  a  ])oiut  as  of  zcro-dimonsioti  (as  Euclid  does)  the  con- 
tinuous generation  of  a  finite  quantity  by  a  finite  number  of 


additions  is  not  a  conceptual  possibilit}'.  We  cannot  agree  with 
him,  however,  that  it  is  any  less  obviously  inconceivable  that 
such  a  quantity  can  bs  continuously  generated  by  an  infinite 
number  of  point  additions.  Where  the  zero  is  absolute,  and  not 
merely  a  quantity  which  is  infinitely  small,  the  summation  of 
an  infinite  number  yf  such  zeros  cannot  result  in  the  genera- 
tion of  a  finite  quantitj',  even  though  the  infinity  were  of  a 
very  large  order. 

"Our  Country's  Fisiie-s  .\nd  How  to  Know  Them." 
By  W.  J.  Gordon.  (Simpkin.)  Coloured  plate.  6s. — This 
little  book,  com|)iled  from  various  sources,  is  intended  to  be  used 
as  a  key  by  those  who  may  desire  to  identify  the  adult  forms  of 
any  of  our  British  fishes.  The  style  of  composition  leaves 
much  to  be  desired,  to  say  nothing  of  accuracy.  Thus  we  are 
informed  that  "  the  flat-fish  start  as  very  thin  youngsters 
swimming  the  ordinary  way  up  ...  .  and  their  eyes  in  the 
normal  places,  one  on  each  side  of  the  head  ;  but  apparently, 
failing  to  thrive  under  these  conditions,  they  betake  themselves 
to  the  ground  where  ....  their  head  turns  over  so  as  to  bring 
both  eyes  on  the  top.  .  .  ."  !  Again  we  read,  "  Some  are  said 
not  to  know  a  sole  from  a  lemon  sole  :  the  only  way  out  of  the 
difficulty  is  to  know  what  a  sole  is  like,  the  lemon  sole  being 
what  may  be  called  various,  and  generally  but  a  somewhat 
distant  relative  "  !  Minor  inaccuracies  are  of  course  inevitable, 
they  will  creep  in  despite  the  greatest  care  ;  on  these  then  we 
will  be  silent. 
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THE  NOBODIES, ~A  SEA-FARING  FAMILY. 

By  the  Rev.  T.  R.  R.  Stebbing,  m.a.,  f.e.s.,  v.p.i,.s  ,  f.z.,s. 

CHAPTER  V. 
A  MAN  is  said  to  pocket  an  affront  wlien  he  demurely  lets 
it  pass  as  thougb  it  had  not  been  offered.  The  "  uhela- 
concealing "  Cryptochelata  have  no  poclcet-like  cavities 
within  which  to  hide  their  nippers.  They  either  let  them 
vanish  altogether,  or  retain  them  like  superannuated 
dimples  as  an  ineffective  reminiscence  of  infancy.  In 
classification,  however,  these  disestablished  or  disendowed 
chelifori  are  still  useful.  They  serve  to  discriminate  three 
families  of  this  section.  In  the  Ammotheidte  they  are 
small,  rudimentary,  and,  in  contradiction  to  their  "title, 
not  cheliferous.  They  are  small  also  in  the  Eurycydidse, 
but  there  imperfectly  chelate.  In  the  Colossendeidse  they 
are  entirely  wantint;-.  It  will  not  be  forgotten  that  these 
distinctions  apply  to  the  adults,  the  appendages  in  question 
being,  so  far  as  is  known,  present  and  chelate  in  the  young 
of  all  the  Pycnogonida. 

In  the  fir,5t  of  the  three  families  above  mentioned  there 
are  several  genera,  exactly  how  many  it  is  not  easy  to  say, 
because  some  that  are  imposing  in  name  ai-e  very  obscure 
in  nature.  Thus  Oiceobathes.  Hesse,  "with  its  home  in 
the  abyss,"  is  perhaps  the  same  as  Ammothea.  of  which 
two  species  have  their  home  on  our  own  shoi'es  and  shallows. 
Pepliredo  Mrsiita,  described  by  Goodsir,  from  the  German 
Ocean,  is  thought  by  Hoek  to  be  genericaliy  the  same  as 
Phavodeimis  which  Costa  instituted  earlier  for  species  from 
the  Bay  of  Najiles.  Clotenia,  Dohrn,  and  Discoarachne, 
Hoek,  are,  in  the  ojHnion  of  Dr.  Hoek  himself,  closely 
approximate.  They  were  published  in  the  same  year,  1881. 
Both  authors  date  their  work  in  the  same  month,  Hoek 
on  May  19th,  at  Leiden,  Dohrn  on  May  3Ist  at  Naples. 
But  although  Dr.  Hoek's  "Challenger"  report,  as  he 
subsequently  explained,  was  ready  to  appear  at  the 
beginning  of  July,  it  was  not  actually  issued  till  October, 
whei-eas  Dr.  Dohrn's  Neapolitan  monograph  was  at  the 
service  of  the  public  in  the  preceding  September.  Bvit 
the  dates  are  perhaps  not  the  only  consideration.  In 
Clotenia  we  find  the  chelifori  dwarfed  each  to  a  little 
stum])  or  tubercle.  In  Biscoarachne  not  even  so  much  as 
this  is  either  mentioned  or  figured,  so  that  the  name  must 
not  be  cancelled  as  a  synonym  without  demur.  The 
disappearance  of  these  little  vestigial  stumps  would 
probably  make  no  difference  to  the  animal.  Nature  would 
view  it  with  unconcern.  But  the  neat  simplicity  witli 
which  our  three  families  have  been  discriminated  will  be 
very  much  disfigured  by  it,  for  the  total  absence  of  the 
chelifori  is  used  as  a  mark  of  the  third  family,  not  of  the 
first.  To  put  the  matter,  then,  on  a  broader  footing,  some 
supplementary  characters  of  the  Ammotheida3  may  be 
given.  They  have  the  second  appendages  from  four-  to 
nine-jointed,  the  ovigerous  legs  seven-  to  ten-jointed  with- 
out claws,  and  the  ambidatory  legs  provided  with  auxiliary 
claws  on  the  back  of  each  principal  claw  or  unguis.  Of 
the  genera  not  hitherto  mentioned,  Parilxea,  Philippi,  1813, 
IS  obscure.  So  is  Platychehis,  Costa,  1861,  which  has, 
moreover,  a  preoccupied  name.  Tanystyltim,  Miers,  1875, 
takes  its  title  from  its  tail,  which  is  described  as  "  a  long 
styliform  process."  Lecythorhyiichm,  Bohm,  1879,  is  so 
called  from  its  "flask-shaped  proboscis,"  while  Oorhynchus, 
Hoek,  1881,  has  the  "  proboscis  egg-shaped."  In  the 
latter  year  another  new  genus  united  the  names  of  the  last 


two  authors,  being  called  Bohmia  by  Hoek  in  honour  of 
Biihm.  Whether  Trygxus,  Dohrn,  1881,  is  named  "full 
of  lees  "  from  the  wine-coloured  intestinal  canal  is  a  riddle 
which  its  author  le.ives  for  the  ingenious  to  solve.  Dr. 
Dohrn,  in  1884,  regarded  Ammothea,  Phanodemus, 
Pephredo,  Pasithoe,  Endeis,  Pariboea,  Platychelus, 
Alcinous,  Achelia,  as  nothing  but  names  of  a  single 
genus.  It,  has  been  already  explained  that  the  last  is,  in 
fact,  the  adult  f9rm  of  the  first,  but  the  rest  are  still 
indeterminate,  and  of  the  species  assigned  to  them  it  is 
not  certain  that  all  belong  to  the  same  family. 

In  place  of  Kroyer's  Zetes,  which  was  preoccupied, 
Schiridte  introduced  the  name  Eitrycyde.  The  first  half 
of  this  means  "  broad,"  and  is  applicable  to  the  type  or 
premier  species  of  the  genus,  since  the  side  processes  of 
its  trunk-segments  are  unusually  produced,  and  therefore 
give  a  considerable  total  breadth  to  the  body.  But  cyde 
is  not  Greek  for  a  "  side,"  and  in  the  less  impossible  sense 
of  "  glory."  the  application  remains  a  glorious  uncertainty. 
Be  the  full  meaning  of  the  name  what  it  will,  this  is  the 
titular  genus  of  the  family  Eurycydida'.  With  the 
chelifori  as  already  described,  this  family  combines  ten- 
jointed  second  and  eleven-jointed  third  appendages,  the 
terminal  joint  of  the  third  being  a  claw.     Auxiliary  claws 


Ascorhync/ms  glaber,   Hoek.     From   Itook. 

are  not  found  on  the  ambulatory  legs.  The  proboscis  lias 
the  remarkable  habit  of  folding  under  the  body.  This 
peculiarity  has  been  further  illustrated  in  earlier  chapters 
(pp.  75,  138  [1902]).  It  is  also  alluded  to  in  the  name 
of  Gnamptorhynchus,  instituted  by  Bohm  in  1879,  as  the 
genus  of  "  the  bent  beak,"  for  a  species  from  Japan. 
Hoek  proposes  to  make  this  a  synonym  of  Ascorhyiichus, 
Sars,  1876,  a  doubtful  proceeding,  since  the  species 
described  by  Sars  has  the  claw  of  the  walking-legs 
elongate,  while  the  Japanese  species  is  unique  in  having 
no  claw  at  all  in  the  first  pair  of  these  limbs.  Neverthe- 
less,   it    must   bo    remembered  that    in    two    species    of 
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Ascorhynchus  which  Hoek  describes,  the  claw  on  these 
first  legs  is  either  very  small  or  "  extremely  minute." 
For  introducing  these  confusing  links  and  gradations  into 
our  genera  we  do  not  pretend  to  praise  nature.  We  are 
only  describing  it.  But  there  is  another  perplexing  cir- 
cumstance. In  the  Ascoi'hynchns  abyssi  of  Sars,  and  the 
nearly  related  if  not  identical  A.  tridens  of  Meinert,  the 
unconscionable  female,  instead  of  having  the  egg-cells  in 
the  fourth  joint  of  the  walking-legs,  where  by  rule  they 
ought  to  be,  has  them  in  the  second  joint.  Now  here  the 
three  species  described  by  Hoek  leave  us  in  the  lurch,  for 
of  two  of  them  only  tlie  males  are  known,  and  the  third, 
which  he  calls  Ascorhynclius  orthorhynchus,  ought  perhaps 
to  be  transferred  to  a  new  genus,  since  the  solitary  female 


/ 


Ascorhjinchus  tridens.-^^ic'meti.     From  Meinert. 

.specimen  from  New  Guinea'will' not  bend  its  proud  pro- 
boscis like  the  other  species,  and,  on  the  other  hand,  it  has 
the  fourth  joint  swollen  in  accord  with  custom.  In  thi.'^ 
family  Sars  is  disposed  to  believe  that  Alciiwus,  Costa, 
Parnzetes,  Slater,  and  Nymphopaii;*  Scliimkev^itsch,  should 
also  be  comprehended.  Scxnrhynchus,  Wilson,  is  identified 
witli  Ascorhynchus  by  Hoek. 

The  remaining  family  is  in  some  respects  the  most 
eccentric  and  remarliable  of  all.  The  members  of  it,  as 
already  exj)lained,  have  in  the  adult  no  chelifori,  our  last 
pycuogouid  family  being  so  far  in  agreement,  in  rather 
unfortunate  agreement,  with  the  families  that  were  placed 
first  forming  the  section  Achehita.  But  unlike  the  latter 
they  are  fully  provided  with  second  and  third  appendages. 
This  family  has  been  called  Fasithoidte  by  Sars,  on  the 
ground  that  Pasitlwe,  Goodsir,  1842,  though  imperfectly 
known,  yet  "  from  the  perfect  absence  of  chelifori  and  tlie 
well-developed  ])alpi"  must  be  included  in  it.  But 
Goodsir's  Piinilliiic  may  not  impossibly  be  an  Aiiimofhea, 
as  Dohru  supposed,  with  the  small  chelifori  overlooked. 
In  1844,  Goodsir  mentions  a  thin  narrow  projection  arising 
from  the  anterior  edge  of  the  first  segment  immediately 
licfore  the  ocular  tubercle,  and  continued  beyond  the 
middle  of  the  rostrum.  That  his  orii;iual  account  of 
Piixillnif  needed  revision  is  thereby  made  clear,  and  the 
narmw   ]>rojection  may  refer  to  the  chelifori  indistinctly 

■  An  AiHtnilian  j;onu«,  Ni/mphopxift^  was  foimtltvl  h\  llaswcli  in 
1S85  {Pntc.  Linn.  Soc.  N.S.  'jf^ale.i,  Vol.  I\  ,  pt.  i). 


perceived.  At  both  dates  he  plainly  declares  that  the 
palpi,  or  second  appendages  in  his  genus  are  eight-jointed. 
But  Sars  defines  the  family  as  having  the  palpi  ten- 
jointed.      The    i^enus    Eiuh'ii',    Philippi,    lS4:},    has   two 


Pasithoe  vesiculosa,  Goodsir.     From  Goodsir. 

species,  but  their  family  affinities  also  are  distractingly 
vague.  In  common  with  Goodsir's  Pagithoe  vesiculosa 
they  are  still  awaiting  re-discovery  and  re -description. 
That  happy  events  of  this  kind  are  not  beyond  the  reach 
of  scientific  expectation  derives  some  waiTant  from  the 
strange  case  of  Bhynchothorax  mediierraneus,  O.  G.  Costa, 
1861.  The  Italian  zoologist  endowed  this  little  creature 
with  one  feature  so  unexampled  in  the  tribe  that  among 
the  best  judges  of  probability  it  was  frankly  disbelieved. 
He  attriljuted  to  it  a  seven-jointed  tail-piece.  Even  the 
two-jointed  tail  which  the  accurate  Kroyer  described  in 
Eurycyde  hUpida  was  illusory,  the  appearance  of  an 
articulation  depending  only  on  a  transverse  series  of 
dorsal  setie.  At  all  events  the  specimens  which  Dr. 
Dohrn  identifies  with  Costa's  Ehynchothora.v  have  the 
a\)domen  or  tail  simple,  as  it  is  in  all  other  well-established 
Pycnogonida.  The  first  of  these  specimens  which  Dohrn 
had  the  good  luck  to  obtain  from  dredging  at  Naples  he 
had  the  ill  luck  to  lose  before  he  had  examined  it  with 
care.  Every  naturalist  will  sympathise  with  the  pangs  of 
regret  he  must  have  suffered,  till  at  a  later  period  other 
specimens  from  the  same  locality  came  to  his  relief.  Dr. 
Hoek  says  :  "  On  comparing  the  figures  of  Costa  with 
those  of  Dohrn,  one  scarcely  knows  which  is  the  more 
striking,  the  differences  or  the  resemblance  ;  nevertheless 
Dohrn  has  identified  his  species  with  Costa's,  allowing 
himself  to  be  guided  above  all  by  the  general  impression, 
and  therein,  I  believe,  he  has  been  well  advised."  In  the 
later  and  more  trustworthy  description,  no  less  than  in 
the  earlier,  there  are  some  highly  peculiar  features.  The 
front  part  of  the  proboscis  is  imperfectly  developed.  The 
ocular  eminence  stretches  forward  in  a  thin  process  over 
and  beyond  the  centre  of  the  proboscis.  The  second 
appendages  are  eight-jointed,  with  ancliylosis  of  the  first 
and  secoud,  of  the  fourth  and  fiftli,  and  of  the  sixth  and 
seventh  joints.  The  walking  legs  have  no  cement  glands 
in  the  fourth  joint,  which  is  their  usual  position,  but  only 
in  the  third  joint  of  a  sin^de  pair,  the  last  but  one.  The 
cceeal  prolongations  of  the  intestine  carry  their  gland-cells 
no  further  than  the  first,  or  at  most  the  third  joint  of 
the  legs,  the  continuation  beyond  this  being  limited  to  an 
empty  membrane.  The  ovaries  are  peculiar  by  want 
of  peculiarity,  eccentric  by  being  commonplace.  For, 
whereas  it  is  the  badge  of  all  their  tribe  to  develop  ova 
at  least  in  some  joint  of  the  ambulatory  limbs,  this  species 
is  so  faithless  to  the  traditions  of  its  race  as  to  have 
ovaries  not  extending  beyond  the  latei-.il  processes  of  the 
trunk  segments.  The  genital  openings  are  limited  to  the 
last  pair  of  legs  as  in  Pyciiogoiiinn.  We  may  either  agree, 
then,  with  Dr.  Dohru  that  Rhynchothorax  is  the  most 
remarkable  of  all  the  Pycnogonida,  or  we  may  leave  it  to 
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dispute  the  palm  of  singularity  with  Pycnogotium, 
since  the  latter  has  dispensed  with  a  heart  and  second 
appendages  which  the  former  retains.     Both  these  genera 


Shiinchothoraj-  mediterraneus,  Costa.      9    From  helow,  legs  omitted 
From  Dolirn. 

are  included  by  Dolirn  in  the  same  family.  Sars  transfers 
Rhynchothorax  to  his  Pasithoidse,  without  commenting 
on  the  diminished  number  of  joints  in  its  second  aj)pen- 
dages,  or  on  the  various  eccentricities  which  seem  to 
demand  for  it  a  separate  family,  Rhynchothoracidse. 

There  is  still  to  be  considered  a  genus  which,  if  not  the 
most  abnormal,  is  from  some  points  of  view  the  most 
extraordinary  of  all  the  group.  This  is  the  genus  of 
the  giant  proboscis.  It  agrees  with  the  Eurycydidae  in 
having  ten-jointed  second,  and  eleven-jointed  third 
appendages,  but  differs  from  them  in  the  total  absence 
of  chelifori,  and  iu  not  having  its  snout  flexibly  con- 
nected with  the  trunk.  The  first  species  of  it  made  known 
to  science  was  obtained  within  the  Arctic  Circle  during 
Parry's  first  voyage  of  discovery.  The  specimen  was 
"  found  at  ebb  tide  on  the  shores  of  the  North  Georgian 
Islands."  This  was  described  by  Sabine  in  1821  under 
the  name  Phoxichihts  proloscideus.  It  was  subsequently 
transferred  to  a  new  genus,  Colossendeis,  by  Jarzynsky  in 
1870,  and  before  this  name  had  obtained  currency  it 
successively  received  two  others,  Bhopalorhynchus*  from 
Wood-Mason,  and  Anomorliynchus  from  Miers,  the  former 
implying  that  the  proboscis  is  as  massive  as  a  club,  and 
the  latter  that  it  is  what  Dominie  Sampson  would  have 
called  '-prodigious."  The  length  of  the  adult  Bhyncho- 
thorax  mediterraneus  is  a  millimetre  and  a  half,  about  a 

*  This,  liowever,  is  upheld  as  distinct  bv  G.  H.  Carpenter. 


sixteenth  of  an  inch.  Of  Colossendeis  proboscidea  (Sabine) 
the  original  description  says  :  "  proboscis  more  than  twice 
the  lenglh  of  the  body,  being  one  inch  eight-tenths,  and 
the  body  Ihree-cjuarters  of  an  inch  long."  The  length  of 
the  leers  is  given  bv  Sabine  as  six  inches,  which  would 


Colossendeis  proboscidea  (Sabine).     Reduced.     From  Sars. 

therefore  afford  a  total  span  of  more  than  twelve.  Sars 
claims  for  the  animal  only  a  length  of  two  inches  with  a 
span  of  nine.  But  C.  gigas,  Hoek,  from  great  depths  in 
the  Southern  Ocean,  far  surpasses  either  of  these  sets  of 
measurements,  since  the  animal  can  attain  a  length  of 
over  three  inches  with  a  span  of  more  than  twenty-four. 
To  display  this  creature  life-size  with  its  ambulatory  limbs 
unfolded  and  not  overlapping,  would  require  a  double- 
page  plate  of  this  magazine.  The  species  of  the  genus  are 
numerous,  and  as  they  have  generally  been  obtained  from 
considerable  or  very  great  depths,  one  may  surmise  that 
there  is  some  correlation  between  their  length  of  limb  and 
the  character  of  their  abode.  Where  the  sense  of  sight  has 
but  scanty  chances  of  employment,  an  extended  organ  of 
touch  may  be  very  useful,  and  this  will  help  to  explain 
the  parallel  case  of  deep-sea  crustaceans,  in  some  of  which 
the  antennae  seem  ambitious  of  emulating  telegraph  wires. 
Kevertheless,  as  it  happens,  it  is  the  sliort-Unibed 
C.  hrevipes,  Hoek,  that  is  recorded  from  the  deepest 
station  of  all,  26.50  fathoms.  The  torrid  temperature  of 
more  than  70^  Centigrade,  assigned  to  this  abyss  in  Dr. 
Hoek's  "  Challenger  "  report,  is  due  to  a  slight  confusion. 
As  may  be  seen  from  the  "Narrative  of  the  Cruise," 
though  the  surface  water  at  this  station  was  moderately 
warm,  70'8°  Fahrenheit,  the  water  at  the  bottom  was  only 
a  little  above  freezing  point,  32'7^  F.  Besides  its  colossal 
blunt  proboscis,  Colossendeis  has  various  other  notable 
characters.  Meinert  has  remarked  the  retention  of  the 
chelifori  by  the  young  of  C.  angiista,  Sars,  when  these 
juveniles  were  already  more  than  half-an-inch  long.  Hoek 
has  drawn  attention  to  the  circumstance  that  the  ovigerous 
legs  have  not  been  found  carrying  ova  in  either  sex. 
These  limbs  attain  a  great  length,  and  shew  no  sexual 
difference.  In  the  ambulatory  limbs  the  terminal  joint  is 
not  here  unguiform  but  awl-shaped,  that  is,  more  of  a 
needle  than  a  hook.  For  what  appear  to  be  just  reasons, 
Pasithoe,  Endeis,  Rhynchothorax  have  been  dismissed  from 
any  close  alliance  with  this  genus.  The  family,  therefore, 
in  which  it  stands  alone,  must  take  from  it  the  title 
Colossendeidae  already  accepted  by  various  authors. 

That  there  is  anything  like  finality  in  the  classification 
here  adopted,  with  a  few  modifications,  from  Prof.  Sars,  is 
not  to  be  expected.  All  that  can  be  safely  assumed  is  that 
this  is  at  least  as  good  as  any  of  the  several  systems 
hitherto  offered,  and  iu  the  existing  state  of  knowledge  the 
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most  convenient  of  them  all.  There  is  in  Scotland  a  cele- 
brated seat  inviting  wayfarers  to  "  rest  and  be  thankful." 
In  its  high  and  exposed  situation  this  is  sometimes 
surrounded  by  a  guard  of  Highland  cattle,  which  by  their 
sturdy  attitude  seem  planted  on  purpose  to  discourage 
indolence.  In  our  pursuit  of  the  Pycnogonida,  readers 
may  well  think  that  by  this  time  we  must  certainly  have 
reached  a  point  if  not  for  gratitude  at  least  for  justifiable 
lassitude.  But  a  final  call  is  to  be  made  on  their  en- 
durance. The  subject  itself  is  in  a  stage  more  suggestive 
of  energetic  advance  than  of  somnolent  repose.  In  the 
concluding  chapter,  therefore,  some  notes  will  be  offered 
as  to  the  opportunities  which  our  own  country  clearly  offers 
for  its  investigation,  and  on  the  literature  which  is  essential 
for  any  one  anxious  to  carry  forward  research  instead  of 
re-diseovering  what  is  already  known. 


FAMILIAR    BRITISH    WILD    FLOWERS  AND 
THEIR    ALLIES. 

By   R.    Lloyd   Praeger,   b.a. 
I.— THE  PEA  FAMILY.* 

The  Order  Leguminosee  is  one  of  the  great  plant-groups 
of  the  world,  myriad  in  number,  ubiquitous  in  distribu- 
tion, embracing  every  kind  of  plant  from  tiny  herljs  to 
gigantic  forest  trees,  and  abounding  in  useful  and  hurtful 
products  and  properties.  As  food-producing  plants,  it  is 
the  seeds  that  are  chiefly  used.  These,  enclosed  in  the 
pod  that  is  so  characteristic  of  this  Order,  and  each  con- 
taining a  good  store  of  food-material  for  the  use  of  the 
young  plant,  are  familiar  to  us  as  peas,  beans,  lentils,  and 
haricots.  As  fodder  for  domestic  animals,  the  whole  plant 
is  vahiable  in  the  case  of  the  Clovers,  Vetches,  Lucerne, 
Sainfoin,  and  some  of  the  Lupines.  Among  drugs,  senna 
is  prepared  from  the  leaves  of  several  tropical  and  sub- 
tropical species  of  Cassia ,-  and  liquorice  from  the  root  of 
Gli/njrrhiza.  cultivated  largely  in  South  Europe.  Several 
important  gums  (gum  tragacanth,  gum  arable,  &c.)  are 
prepared  from  the  juice  of  species  belonging  to  this  Order; 
other  species  yield  well-known  dyes,  of  which  the  most 
important  is  indigo,  prepared  from  the  leaves  of  tropical 
species  of  Indigrifera.  Nor  must  we  omit  the  numerous 
species  which,  both  in  our  fields  and  our  gardens,  are 
conspicuous  for  their  beauty — the  Gorse  and  Broom, 
Laburnum  and  Wistaria,  the  various  Acacias  and  Genistas, 
the  brilliant  Cliauthus,  the  Lupines  and  Coronillas. 

This  great  Order  is  divided  into  three  sub-orders — the 
Papilionaceie.  C;i'.iaJj)iiiii';e.  and  Mimosess,  and  to  the  first 
of  these,  the  Pai)iliiiiiiiri-;r,  characterized  by  their  peculiarly 
formed  irregular  (lowers — the  familiar  Pea- flower — belong 
all  our  British  species.  We  have  in  these  countries 
some  seventy-two  native  representatives  of  the  group,  and 
variou^s  others,  mostly  indigenous  in  the  adjoining  parts  of 
Europe,  have  been  introduced  accidentally  or  deliberately 
bv  man,  and  have  now  made  themselves  at  home  among 
the  native  forms.  None  of  our  plants  are  arboreal,  but 
the  Broom,  Gorse,  and  Genistas  furnish  a  group  of  shrubs 
dear  to  every  lover  of  English  landscape.  The  Vetches 
and  Vetchlings  form  a  coterie  of  exquisitely  graceful  and 
highly  interesting  climbing  plants ;  while  the  Clovers, 
Medicks,  Bird's-foots,  and  their  allies  constitute  an  im- 
portant part  of  the  dense  low  vegetation  of  our  meadows, 
banks,  and  wastes.  Among  our  British  LegmniiMsx  are 
found  a  remarkably  interesting  series  of  morphological 
and  physiological  characteristics  of  varied  significance,  aud 

*  For  the  use  of  the  illustratioQS  which  form  iTiga.  2,  3,  4,  and  5, 
the  writer  expresses  his  obhgitions  to  Messrs.  C.  Gritfin  &  Co.  I'hey 
are  takoa  from  his  "  Opeu-Air  Studies  in  Botany." 


pertaining  to  almost  all  the  different  parts  of  the  plant. 
These  must  now  be  briefly  reviewed. 

First,  as  to  the  roots.  The  roots  of  Peas,  Beans,  Medicks, 
Clovers,  and  others  are  remarkable  for  being  the  seat 
of  a  highly  interesting  symbiotic  union — a  living 
together  of  two  organisms  for  their  mutual  advantage  ;  a 
kind  of  mutual  partial  parasitism.  If  the  roots  of  any  of 
these  plants  be  examined,  they  will  be  found  to  be  knotted 
with  small  tubercles.  The  function  of  these  curious 
structures  has  previously  been  briefly  referred  to  in 
Knowledge  (October,  1900)  by  Mr.  H.  H.  W.  Pearson. 
It  is  found  that  these  root-swellings  are  the  home  of 
colonies  of  bacterial  organisms.  These  lowly  plants  are 
extrerael}'  minute  in  size  and  simple  in  structure,  consisting 
of  rows  of  cells.  They  increase  by  the  production  of 
spores,  or  by  the  simple  dividing  of  the  parent.  Bacteria 
possess  an  important  power  not  possessed  by  the 
Leguminosce,  though  these  are  so  much  higher  in  the 
scale  of  Ufe ;  they  can  absorb  that  important  constituent 
of  plant-food — nitrogen  —directly  from  the  air.  By 
encouraging  the  growth  of  these  bacteria,  then,  the  plant 
has  at  hand  a  store  of  nitrogen  which  it  can  plunder.  The 
bacteria,  on  the  other  hand,  live  on  the  sap  and  cell- 
contents  of  the  plant  which  they  infest ;  so  both  derive  an 
abundant  supply  of  valuable  food-material  as  a  result  of 
the  partnership.  But  the  existence  of  bacteria  is  not 
necessary  for  the  life  of  tlieir  partners.  Peas  or  Beans 
grown  in  a  sterilized  soil  will  flourish,  but  no  doubt  they 
have  to  work  the  harder  for  it.  Whether  the  bacteria  can, 
in  their  turn,  maintain  permanent  independent  existence 
does  not  appear  to  be  yet  known. 

From  tliis  curious  feature  of  the  roots  of  many  of  our 
Leguminosie  we  pass  to  a  study  of  their  leaves.  The 
reduction  in  size,  or  practical  suppression,  of  the  leaves  of 
our  shrubby  species  is  a  remarkable  feature.  The  three 
native  species  of  Genista  have,  in  lieu  of  the  ternate 
(consisting  of  three  leaflets)  or  pinnate  leaves  which 
characterize  the  Order,  small  entire  ovate  or  lanceolate 
leaves  ;  the  well-known  Broom  has,  indeed,  ternate  leaves, 
but  they  appear  ridiculously  small  in  comjiarison  with 
those  of  other  shrubs  of  similar  dimensions  —Brambles  or 
Willows,  for  example.  In  the  Gorse,  the  reduction  of  leaf 
is  carried  further,  and  each  consists  merely  of  an  in- 
conspicuous spine  a  quarter  of  an  inch  long.  Studying 
these  plants  one  will  be  struck  by  the  green  colour  of 
their  stems,  aud  thus  we  discover  how  they  contrive  to 
manufacture  saflicient  plant-food  in  the  absence  of  exjianses 
of  green  leaf ;  the  surface  of  the  steins  take  up  the  work 
usually  carried  on  by  leaves.  In  the  Needle  Furze  (Genista 
anglica^,  and  conspicuously  in  the  Gorse,  the  reduction  of 
leaf-surface  is  accompanied  by  a  j)roduction  of  spines.  In 
the  Gorse  the  stems  are  very  much  branched,  and  every 
branchlet  ends  in  a  strong  spine,  its  point  wonderfully 
sharp  and  hard.  This  formidable  array  of  bayonets  has 
for  its  object  the  protection  of  the  plant  against  grazing 
animals,  and  its  efficacy  is  seen  in  the  way  the  Gorse  grows 
fearlessly  ou  upland  jiastures,  steadily  increasing  if  not 
cut  down  and  pushing  back  the  cattle  and  sheep  year  by 
year.  That  sucli  protecticm  is  necessary  to  the  plant  is 
shown  by  the  avidity  with  which  animals  will  eat  it  if  it 
is  crushed.  In  some  parts  of  the  country  such  crushing  is 
done  regularly  as  an  item  of  farm  economy,  as  the 
accoiupanyiiig  photograph,  taken  in  Co.  Antrim  bv  my 
friend  Mr.  Welch,  will  show.  The  plant  then  furnishes 
excellent  fodder. 

In  contrast  to  this  comparative  unimportance  of  the 
leaf,  we  have  in  the  Vetches  and  Vetchlings  large  pinnate 
leaves  which  are  highly  developed,  aud  jK)ssessed  of  a 
sensitiveness  aud  power  of  movement  that  are  most 
remarivable.      These    Vetches    form    a    group   of    highly 
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specialized  climbers.  Climbing  is  a  device  resorted  to  by 
many  of  our  native  plants,  and  by  a  far  larger  number  in 
the  Tropics,  by  which,  iu  the  keen  struggle  for  light  and 
ail',  thev  take  advantage  of  t.heir  neighbours  to  mount  on 


Fig.  1.— "  Kuockin'  Whiiis  "  for  Cattle,  Co.  Antrim. 

TE.  Welch,  Photo. 

their  shoulders,  and  thus  secure  an  advantageous  position. 
To  assist  them  iu  climbing,  plants  adopt  various  devices, 
some  merely  scramble  upwards,  maintaining  their  position 
by  means  of  wide-spreading  leaves  or  branches  ;  many 
others  use  downward-pointing  hooks,  which  anchor  them 
amid  the  foliage.  It  is  in  the  twining  plants,  such  as 
Bryony  and  Hop,  aad  the  tendril-beai-ers,  like  the  Vetches, 
that  we  find  the  highest  development  of  the  climbing 
habit.  These  plants  live  under  unusual  conditions.  In 
order  to  gain  the  light,  they  must  seek,  rather  than  avoid, 
overhanging  foliage ;  and  so  we  find  the  Vetches,  instead 
of  turning  away  from  the  shadow  towards  the  light  like 
most  of  their  neighbours,  boldly  pushing  up  into  the 
centre  of  a  bush,  to  burst  into  blossom  amid  its  upper 
branches,  far  above  their  less  daring  neighbours.  Again, 
in  these  plants,  supported  by  their  grasp  of  adjoining 
branches,  the  stem  no  longer  needs  to  act  as  a  supporting 
column,  bearing  the  weight  of  the  plant  aud  the  stress  of 
weather.  It  acts  rather  as  a  conduit  through  which  water 
and  dissolved  salts — the  raw  plaut-food — passes  upwards 
to  the  leaves.  Hence,  instead  of  being  thick  and  stiff,  it 
is  thin  and  flexible;  often  wonderfully  slender  when  we 
consider  its  length,  yet  strong  and  supple,  to  follow  without 
injury  the  swaying  of  the  supporting  plant.  But  it  is  in 
the  leaves  of  these  plants  that  we  find  the  most  remarkable 
modifications  adapting  them  to  a  climbing  habit.  The 
leaves  of  the  Vetches  and  Vetchlings  are  ]iinnate — they 
bear  a  number  of  opposite  ovate  leaflets.  The  tip  of  the 
leaf- stalk,  and  the  uppermost  pair  of  pinn«.  are  in  the 
climbing  species  changed  into  tendrils — sensitive,  twining, 
whiji-like  structures,  which  exhibit  remarkable  features. 
If  the  slightly  curved,  extended  tendril  of  a  young  leaf  of 
Pea  or  Vetch  be  watched  carefully,  it  will  be  found  that 
it  is  slowly  but  incessantly  moving  rouud  and  round  iu  a 
cii-cle.  If  the  tendril  comes  into  contact  with  a  twig,  it 
bends  towards  it,  and  eventually  takes  several  turos  round 
it.  Even  a  slight  temporary  irritation  is  sufficient  to 
cause  a  bending  towards   any  side.     Finally  the  tendril 
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Fitt.  2.— Leaf  of 
Bush  Tetcli,  Viciu 
sepiuiii.  Half  natural 
size. 


becomes  woody  aud  strong,  and  forms 
a  secure  anchor-cable  for  the  plant 
Not  only  does  the  young  tendril  rotatr  : 
the  whol(>  leaf  on  which  it  is  borne  is  iu 
continual  motion.  The  shoot  to  which 
the  leaf  belongs  is  rotating  also,  so  that 
the  tendril  is  sweejjing  the  air  with  a 
complicated  motion,  in  the  course  of 
which  it  is  almost  sure  to  strike  against 
some  stem  or  twig  of  the  surrounding 
vegetation.  It  is  interesting  to  note 
that  a  few  species  of  these  climbing 
genera  are  low- growing,  make  no 
attem|it  to  climb,  and  that  in  these, 
tendrils  are  not  developed.  Such  are 
the  Wood  Bitter  Vetch  (Vicia  Orobus), 
which  grows  in  bushy  clumps,  and  the 
tiny  Spring  Vetch  (V.  lathyroides), 
whose  home  is  on  short  sandy  turf. 
Also  the  well-known  Tuberous  Bitter 
Vetch  {Lathijrus  macrorrhizus),  and  the  Black  Bitter 
\'etch  (L.  niger).  In  all  these  the  stem  terminates 
neither  in  a  tendril  nor  iu  a  leaflet,  but  in  a  short 
point.  Two  other  native  species  of  Latliijrus  possess 
pecidiar  leaf-modifications  which  are  woithy  of  study.  In 
the  Grrass-leaved  Vetchling  {L.  NissoUa)  no  leaflets  are 
]3roduced,  and  instead  the  leaf-stem  which  usually  bears 
them  is  expanded  into  a  narrow  flat  leaf,  which  so  nearly 
resembles  those  of  the  grasses  among  which  it  grows  that 
it  is  almost  impossible  to  detect  the  plant  when  it  is  not 
in  flower.  The  seed-pods  also  are  long,  narrow,  and  green, 
and  only  the  solitary  rose-red  blossoms  betray  the  presence 
of  the  plant.  The  Yellow  Vetchling  (L.  Aphaca)  has  gone 
to  another  extreme.  Its  leaf  is  wholly  converted  into  a 
long  undivided  tendril.  To  act  as  a  substitute  in  the 
important  work  of  assimilation,  the  stipules,  which  in  the 
Vetchlings  usually  take  the  form  of  a  pair  of  small  leaf- 
like organs  clasping  the  stem  at  the  base  of  each  leaf-stalk, 
are  here  enlarged,  and  form  a  pair  of  large  triangular 
pseudo-leaves  at  each  node.  From  the  axil  of  the  tendril - 
leaf  springs  the  flower-stalk,  bear- 
ing a  single  yeUow  blossom.  To 
convince  ourselves  of  this  curious 
shifting  of  responsibility  we  have 
ouly  to  examine  seedlings  of  the 
plant.  We  then  find  that  just  as 
the  seedling  Gorse  shows  true 
tiifoliate  leaves  giving  way  to 
spines,  so  in  this  species  the  first 
leaf  has  a  pair  of  leaflets,  and  is 
accompanied  by  a  pair  of  stipules 
of  the  normal  size  and  shape. 

The  familiar  peculiarly  shaped 
flower  of,  for  iustsince,  the  Sweet- 
Pea,  Broom,  or  Laburnum,  is  most 

characteristic  of  the  sub-Order  Papiiionaceas,  to  which 
belong  all  our  British  Leguminonie.  This  flower  is 
profoundly  modified  to  suit  the  visits  of  insects,  which 
effect  cross-fertilization.  The  axis  of  the  flower,  as  iu 
most  of  the  more  highly  specialized  entomophilous  flowers, 
is  horizontal.  The  calyx  is  more  or  less  cup-shaped, 
with  five  teeth  of  varying  length,  and  it  is  persistent 
throughout  the  period  of  flowering  and  fruiting.  The 
corolla  consists  of  five  jjctals.  The  upjier  oue  (the 
stiitiJurd)  is  large  aud  broad,  often  variegated  with 
stripes  of  a  second  coloiu-,  aud  forms  a  kiud  of  roof. 
Two  narrower  ones  (the  icings)  are  placed  below,  oue  on 
each  side ;  and  more  or  less  enclosed  by  them,  the  fourth 
and  fifth  are  slightly  joined  together  along  their  lower 
margin,  aud  form  the  keel.     Ten  stamens  spring,  like  the 


Fig.  3.  -One  Node 
of  Yellow  Vetchling 
{Lafht/rus  Aj'haca.)  Half 
natural  size. 
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petals,  from  the  base  of  the  caljx-tube  ;  their  filaments 
are  usually  united  in  the  lower  portion  into  a  tube,  which 
surrounds  the  ovary  ;  their  free  ends  curve  upwards,  fitting 
the  upward  curve  of  the  keel,  along  the  bottom  of  which 
they  lie.  The  ovary  is  one-celled,  capped  by  the  long 
style,  which  follows  the  curve  of  the  stamens.  The  blossoms 
generally  j)ossess  a  brilliant  colour — yellow  and  red  being 
the  prevailing  tints  among  our  British  species — and  an 
attractive  odour.  These  flowers  are  essentially  constructed 
to  be  fertilized  by  bees.  The  brilliant  upeurved  standard 
renders  the  flower  conspicuous.  The  horizontal  position 
of  the  flower  fixes  the  manner  of  approach.  The  "wings" 
guide  the  insect  in  entering  the  flower  to  seek  the  honey, 
which  lies  on  the  inner  side  of  the  bases  of  the  filaments. 
The  mechanism  for  dusting  the  bee  with  pollen  varies  in 
different  species.  In  the  Clovers  and  others  the  weight 
of  the  bee  causes  the  stamens  and  stigma  to  slide  forward 
out  of  the  keel,  the  stamens  depositing  pollen  on  the 
underside  of  the  bee's  body,  while  the  Stigma  takes  up 
pollen  that  may  be  adhering  there  in  consequence  of 
previous  visits  to  other  flowers.  In  the  Genistas,  Medicks, 
and  Broom,  the  keel  more  tightly  confines  the  stamens  and 
pistil,  which  rupture  the  keel  with  explosive  force  on 
pressure  jiroduced  by  a  bee's  visit,  dusting  the  insect  with 
pollen.  In  Rest-harrow,  Lady's-fingers,  &c.,  there  is  a  kind 
of  piston  mechanism,  the  stigma  sliding  forward  and 
pushing  out  against  the  bee's  body  a  small  quantity  of  the 
pollen,  which  is  shed  by  the  stamens,  and  collects  in  the 
forward  end  of  the  keel.  Finally,  in  Vetches,  Vetchlings, 
Ac,  the  style  bears  a  brush  of  hairs,  which  similarly 
sweeps  the  pollen  out  of  the  keel  against  the  body  of  a 
visiting  bee.  In  the  Broom,  half  the  stamens  are  shorter 
than  the  others.  When  a  bee  alights  on  the  flower,  first 
the  short  stamens  explode  out  of  the  keel,  dusting  the 
underside  of  the  insect ;  then  the  long  stamens  spring 
out,  and  shed  their  pollen  on  the  bee's  back. 

When  the  flower  is  fertilized,  the  ovary  grows,  and 
develops  into  the  pod,  which  is  so  characteristic  and  well- 
known.  In  some  genera,  such  as  the  Clovers,  the 
petals  do  not  fall,  but  remain,  brown  and  dry,  cover- 
ing the  short  fruit ;  but  in  the  more  conspicuous 
cases  the  pod  is  long  and  bare.  These  pods  have  in 
many  cases  a  pecviliar  method  of  sudden  rupture, 
and  consequent  scattering  of  the  seeds  wliich  they 
contain.  When  the  seed  is  ripe,  as  the  pod  dries, 
certain  strong-walled  cells  which  run  diagonally 
across  each  valve  of  the  pod  contract  spirally, 
causing  a  torsion  which  eventually  ruptures  the  pod 
with  violence,  each  valve  twisting  spirally,  and  fling- 
ing the  seeds  to  a  distance.  The  burst  pods  of  Lotus 
cornicidatus  will  be  found  to  have  each  valve  twisted 
by  several  convolutions ;  and  on  a  hot  summer's 
day,  amid  a  grove  of  Gorse  the  air  is  sometimes 
filled  with  the  cracking  of  the  jwds  as  they  explode. 
The  seeds  contained  in  these  explosive  pods  are 
often  com])aratively  heavy,  the  embryo  being  set 
between  two  amiile  pads  of   food-material ;    nevertheless , 


of  dispersal  is  adopted  by  many  of  the  Medicks.  The  pod 
is  curiously  modified,  being  curled  up  in  y  close  spiral,  and 
furnished  with  numerous  conspicuouiy^rved  spBfces.  The 
spines  cause  the  pods  to  becom^  attach^  ffei^«assing 
animals —probably  to  their  feelM^r  ■fSe  pj*^  grow  low 
on  the  ground— and  thus  Ujeyljapom^'fQely^ispersed. 

Finally,  we  may  bri^^..jjSss,  inf^>view,vi(jlre  various 
British  members  of  ttfts  intere.stjji^  and  J^autiful  Order 
of  plants.  Of  the  shrubby  species,  wjg)'«ave  the  Broom 
(Cytisiis  scoparius),  the  aply  n3riti^jft.Te[)resentative  of  a 
well-known  Old  Worldpfi?i"iQs.  ^^Uorse  there  are  three 
closely  allied  species  (fVrr  ,  n-^neas,  U.  nanus,  U.  Gallii). 
The  first  occurs  throughout  our  Islands,  the  second 
chiefly  in  the  south  of  England,  the  third  mostly  in  the 
west  and  in  Ireland.  Of  the  three  Genistas  (G.  tinctoria. 
G.  amiJicii,  and  G.  pilosa),  the  fij-st  two  range  through 
England  into  Scotland,  the  third  being  a  local  southern 
English  plant ;  all  are  absent  from  Ireland.  Of  Kest- 
Harrow  (Ononis),  there  are  likewise  three  species,  of 
which  two  are  wide-spread,  the  third,  0.  reclinata,  being  a 
small  southern  annual.  The  little  Fenugreek  (Trigonella 
purpurascens)  is  an  anomalous  plant  that  has  had  a 
temporary  home  in  many  genera ;  it  is  very  local  in 
distribution.  The  native  Medicks  are  six  in  number,  and 
show  a  great  variation  in  their  pods,  which  may  be  bxre 
and  nearlv  straight,  or  curled  into  a  close  ball  and  densel.y 
spiny.  They  are  plants  of  dry  places  and  waste  ground, 
and  have  their  head-quarters  in  south-eastern  England, 
like  most  genera  of  similar  proclivities.  Of  the  pretty 
Melilots,  only  one  species,  M.  officinalis,  is  reckoned  native, 
but  several  others  have  colonized  our  coimtrv,  or  appear 
as  ballast  plants  The  Trefoils  (Trifolium)  are  the 
largest  British  genus  of  the  Order,  numbering  eighteen 
native  species,  and  half-a-dozen  others  more  or  less 
thoroughly  established.  Some  of  these,  such  as  the  well- 
known  Red  Clover  (T.  pratense)  and  Dutch  Clover 
(T.  repeus),  are  valuable  meadow  plants  ;  most  of  the 
others   favour   light   soils   or   sandy   ground.      One,  the 
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-Strawberry -Headed   Clover   (Trifolium    fragiferiim). 
1 ,   X   \;    'i,  imtural  size ;    3,   x  2. 


Via.  ^.  — Fruit  oC  Reticulated  lledick,  J/ti/iVai^o  rtrtfii/aio.     x   3. 

they  are  ejected  to  a  considerable  distance,  and  the  seed- 
lings grow  up  clear  of  the  parent  plant.     A  different  mode 


curious  Strawberry-headed  Clover  (r./)-a</i/t'/-H«(),  chooses 
salt  mai'shes  ;  the  fruiting  heads  of  this  species  are 
rendered  conspicuous  by  the  way  in  which  each  calyx  is 
inflated.  Of  Lady's-fingers  (Anthijllis).  the  only  British 
.spi'cies  is  the  woU-known  and  widespread  A.  Vidneraria. 
Lolit.<,  >r  liird's-foot  Trefoil,  numbers  five  species,  of 
whicli  llic  rarest  are  L.  mnjndissinius  and  L.  hispidus, 
both  confined  tn  the  south  of  England.  The  most  familiar 
is  the  di'lightful  little  L.  corniculatus,  which  adorns  diy 
banks,  especially  near  the  sea,  with  its  elegant  glaucous 
foliage  and  umbel-like  clusters  of  fragrant  yellow  blossoms. 
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The  Milk  Vetches  (Astragalus)  are  three  in  number,  and 
exhibit  a  great  diversity  of  liabitat,  the  first  (A .  gliici/pliiflJos) 
being  a  large  meadow  plant,  the  next  (A.  Iiyjxiij/ottis)  a 
small  chalk  species,  while  the  third  (A.  alpimiK,,  and 
Oxytropis  campestris,  which  comes  next  on  our  list,  are  the 
only  British  species  of  the  Order  which  affect  an  alpine 
habitat,  both  growing  very  sparingly  on  the  Scotch 
mountains  at  an  altitude  of  2000  feet  or  more.  0.  uralensis, 
our  only  other  representative  of  the  latter  genus,  is  a 
small  Scottish  hill  plant,  which  ascends  nearly  as  high  as 
its  congener.  The  genus  Orniihopus,  Bird's-foot,  has 
two  species,  pretty  little  sand  or  gravel  plants  with  pinnate 
leaves.  0.  perptlsiHus  has  a  wide  distribution,  while 
0.  ehradeatus  grows  on  the  Scilly  Islands.  The  Horse- 
shoe Vetch  (Hippocrepis  comosa)  is  a  similar  looking  plant 
with  curious  wavy  pods,  wide-spread  in  England.  The 
Sainfoin  (Onobnjchis  sativa)  is,  like  the  last,  the  only 
British  member  of  its  genus.  It  is  a  handsome  herb,  a 
couple  of  feet  in  height,  with  pinnate  leaves  and  racemes 
of  rose-red  flowers,  in  our  islands  confined  to  England, 
where  it  is  not  certainly  native.  Lastly  we  have  the  two 
large  genera,  the  Vetches  (Vicia)  and  Vetchlings  (Lathyrus), 
which  have  been  frequently  referred  to  above.  The 
climbing  sj^ecies  generally  grow,  the  lower  among  grass, 
the  taller  among  shrubs,  where  they  may  attain  in  the 
season's  growth  a  height  of  six  or  eight  teet.  The  species 
devoid  of  tendrils  grow  in  bushy  form,  or  straggle  upwards 
supported  by  neighbouring  vegetation,  or  lie  prostrate  on 
the  ground.  The  climbing  species  are  the  most  picturesque 
of  all  our  Leguminosas.  With  their  often  winged  ribbon- 
like stems,  their  graceful  tendril-tipped  leaves,  and 
handsome  cl usters  of  blossom,  they  form  delightful  objects, 
and  when  we  remember  the  beautiful  and  complicated 
structure  of  the  flower,  and  the  marvellous  sensitiveness 
of  the  tendrils,  we  see  and  recognize  in  them  some  of 
the  most  highly  developed  forms  to  be  met  with  in 
our  whole  native  vegetation. 


Coiiducttd  by  M.  I.  Cross. 

PHOTOGRAPHY    OF    OPAQUE    OBJEOT.S. 
By  Frederick  Koad  Clark. 

The  method  of  procedure  for  this  branch  of  Photo-micro 
grapby,  in  so  far  as  the  microscope  is  concerned,  is  practically 
the  same  as  that  for  the  photography  of  transparent  objects. 
The  difference  Hes  chiefly  in  the  mode  of  illumination,  as  well 
as  in  certain  precautions  to  be  observed  in  the  mounting  of  the 
specimen,  and  in  the  purely  photographic  portion  of  the  work. 

At  the  commencement  it  is  necessary  that  the  object  should 
appear  in  contrast  to  its  background,  the  latter  being  selected 
with  a  view  to  this.  A  dark  subject  should  have  a  light  back- 
ground, and  vice  versd.  For  white  objects,  such  as  some  eggs  of 
insects,  Foraminifera,  etc.,  a  disc  of  asphalt  varnish  placed  on 
the  glass  .slip  with  the  turntable  will  be  found  suitable,  the 
object  being  fixed  thereon  with  a  tiny  spot  of  thin  gum 
tragacanth.  For  darker  subjects  the  under  surface  of  a  thick 
glass  slip  may  be  painted  with  white  cement  or  enamel,  the 
thickness  of  the  glass  minimising  the  effect  of  shadows  cast  by 
the  ilhiminant.  Should  this  not  prove  satisfactory  a  disc  of 
white  cardboard  may  be  placed  over  the  substage  condenser  a 
little  distance  behind  the  object,  which  in  this  case  is  mounted 


on  a  clear  glass  slip.  Fair  results  may  be  obtained  with  speci- 
mens permanently  mounted  under  a  cover  glass,  but  the  best 
are  made  with  those  that  have  been  freshly  mounted  without  a 
cover. 

Whenever  possible  objects  should  be  photographed  on  their 
natural  support.  For  example — the  egga  of  insects  in  xitd  on 
the  larval  food-plant,  leaf,  bud,  calyx,  etc.,  the  educational  value 
of  the  result  being  thus  euhauced.  This,  of  cour.se,  is  not 
always  possible,  for  frequently,  as  in  the  case  of  insects'  eggs, 
the  objects  lie  in  different  planes.  When  two  or  more  objects 
in  a  group  are  photographed  it  is  essential  that  they  lie  in  a 
plane  exactly  at  right  angles  to  the  axis  of  the  microscope 
tube,  or  trouble  will  result  owing  to  difficulties  in  focussing. 
The  following  plan  may  be  recommended  :  fix  the  objects  on  a 
cork  cut  perfectly  flat  on  the  upper  surface,  having  its  sides 
tapered  off  so  as  to  fit  the  opening  in  the  stage,  it  may  then  be 
readily  adjusted  in  any  position.  If  the  object  is  mounted  on 
a  glass  slip  this  may  also  be  attached  to  the  cork. 

Dark  ground  illumination  is  effected  in  several  ways.  One 
method  is  by  using  the  central  spot  diaphragms,  the  smallest  of 
these  which  will  give  the  required  dark  ground  being  inserted 
in  the  substage  condenser.  The  exposure  of  the  plate  will 
necessarily  require  to  be  long.  Another  method  sometimes 
employed  is  the  reflector  known  as  the  "  Lieberkuhn."  It, 
however,  has  disadvantages,  as  a  separate  one  is  required  for 
each  objective,  and  the  mount  must  be  specially  prepared  with 
a  circular  black  spot  on  the  under  side  of  the  glass  slip.  The 
illumination  also  is  not  satisfactory,  being  too  "general,"  and 
delicate  structure  is  flooded  with  light  when  contrast  is  required. 
Probably  the  best  method  is  in  the  use  of  the  side  silver  reflector, 
the  rays  from  a  good  paraffin  lamp  being  condensed  on  its  surface 
by  means  of  the  bull's-eye  condenser.  Excellent  results  have 
been  obtained  simply  by  using  the  bull's  eye  placed  obliquely 
towards  the  object,  and  as  closely  as  possible.  These  methods 
are,  of  course,  only  applicable  to  low-power  objectives,  the  short 
focal  distance  of  the  higher  powers  not  admitting  of  their  use. 
When  photographing  with  the  higher  powers  up  to  one-twelfth 
inch  the  "  vertical  illuminator  "  must  be  employed.  This  i»  a 
piece  of  apparatus  fitted  into  the  microscope  tube  above  the 
objective,  the  hght  being  conducted  thereto  through  a  .small 
aperture  in  the  side  of  the  tube.  When  this  is  used  the  object 
must  be  either  uncovered  or  in  absolute  contact  with  the  cover 
glass.  We  will  not  notice  such  devices  as  the  spot  lens,  ])ara- 
boloid,  etc.,  for  obtaining  dark  ground  illumination,  they  having 
been  superseded  by  the  methods  just  described. 
(  To  be  continued.) 

PoND-LiPE  Collecting  in  Janqary. — January  is  the  most 
severe  month  of  the  year,  and  lakes  and  ponds  are  often  frozen 
over,  or  difficult  to  approach.  Microscopic  Pond-life,  though 
less  abundant  than  in  the  spring  and  autumn,  is  nevertheless 
nearly  always  present,  even  under  the  ice  many  inches  thick. 
All  the  following  species  of  Rotifers  have  been  taken  in 
January  in  and  near  London,  but,  no  doubt,  a  great  many  more 
could  be  found  by  .systematic  search  :  AsjilanchiKi  hrinhtin'Ui 
and  priodonia,  Aiturma  aculeata  and  cochlearL«,iinichioiius  paid 
and  angularis,  Notholca  scaplui,  Eivchlanis  dejiexa  and  liyalina. 
Rotifer  macrurus  and  vulgaris,  Polijarthra  platyptera,  Syncliwta 
pectinata,  tremula,  and  oblowja,  Conochilux  unicornis,  C'oelopus 
porcellus,  Diaschiza  lacinulata  and  ventr/pes,  Proalea  decipiens 
and  petromyzon,  Diylena  forcipala,  Dinucliaris  pocilhim,  Mono- 
styla  cornuta,  Colitriis  caudatus,  Melicerta  ringens,  Limnias 
ceratophylli,  Oecistes  crystalliniis,  Floscularia  cornuta,  and 
Stephauoceros  Eirlihonii.  Jjiaptomus  and  Cyclops  and  their 
larvas  are  abundant,  whilst  SVaterfleas  are  almost  absent. 
Aquatic  vegetation  having  died  down,  the  fixed  forms  of 
Rotifers  and  Infusoria  should  be  looked  for  on  the  rootlets 
of  trees  growing  near  the  edge  of  the  water.  Floscules  and 
Melicerta  were  once  found  covering  such  rootlets  very  thickly. 
January  seems  to  be  the  time  when  the  males  of  Stepltanoceros 
and  other  tube  dwellers  are  often  found,  and  their  presence  is 
usually  betrayed  by  the  thick-shelled,  fertilized,  resting  eggs  in 
some  of  the  tubes,  and  numerous  smaller  male  eggs  in  others. 

The  Microscopical  Work  of  1902  has  been  steadily  pro- 
gressive; there  have  been  no  great  changes  or  discoveries, 
although  many  additions  to  and  imjuovements  in  the  detail  of 
instruments  have  occurred  and  been  duly  recorded. 

A   feature   that   stands   out    distinctively  is   the   increased 
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amount  of  interest  that  has  been  taken  in  metallurgical  work, 
a  department  in  microscopy  which  is  destined  to  exert  a  great 
influence  on  metal  work  generally.  The  capabilities  of  the 
microscope  in  this  direction  are  not  yet  completely  realised,  and 
we  may  look  for  further  development  in  the  near  future. 

Among  other  items  the  two-speed  fine  adjustments  have 
created  interest  and  three  or  four  new  models  of  microscopes 
have  been  introduced. 

There  is,  undoubtedly,  better  understanding  of  the  proper  uses 
and  applications  of  the  microscope,  the  substage  condenser  and 
the  objectives,  and  when  once  the  ])rinciples  of  critical  illumina- 
tion are  thoroughly  grasjjed  and  practised  microscopical  work 
generally  will  be  uniform  and  far  more  trustworthy.  It  is  but 
a  few  years  since  some  degree  of  eminence  was  accorded  to  a 
well-known  histologist  for  his  investigations  of  certain 
structure,  and  the  supjiosed  discovery  of  new  facts  and  detail 
which  he  demonstrated  by  photo-micrographs;  yet  it  was 
evident  to  those  who  worked  "critically"  that  the  new  features 
were  almost  entirely  introduced  by  errors  of  illumination,  and 
this  was  proved  when  his  methods  of  working  became  known. 
Yet  his  dicta  were  accepted,  reviewed  and  praised. 

In  another  case  a  microscopist,  who  worked  according  to 
modern  knowledge  and  practice,  was  being  examined  for  a 
degree,  and,  amongst  other  things,  was  called  upon  to  "  spot"  a 
subject  which  he  had  for  several  years  studied  and  made 
especially  his  own.  Owing  to  the  indifferent  method  adopted 
by  the  examiner  in  illuminating  and  arranging  the  microscope, 
he  failed  to  identify  the  specimen  until  he  had  bethought 
himself  to  re-arrange  the  setting  up.  I  make  special  reference 
to  this  subject  because  it  appears  to  me  to  be  a  real  desideratum 
that  microscopists  shall  work  in  the  most  precise  manner  that  is 
known  :  it  is  only  as  work  is  accurately  done  that  it  becomes  of 
real  value. 

In  the  conduct  of  a  column  such  as  this,  the  variety  of 
information  given  and  the  general  usefulness  could  be  greatly 
increased  by  the  co-operation  of  readers. 

As  mentioned  in  the  December  number,  arrangements  have 
been  made  for  articles  by  several  specialists  to  appear,  but 
beyond  this  there  are  many  readers  who  have  made  some 
special  department  the  subject  of  study  for  a  long  period,  and 
are  in  a  position  to  give  directions  and  advice  which  would  be 
invaluable  to  other  microscopists.  Others  have  had  constructed 
to  their  S|)ecial  ideas  pieces  of  apparatus  wliich  they  have  found 
serviceable,  or  have  distinctive  methods  of  working  which  are 
not  generally  practised  by  others. 

Among  instances  of  these  might  be  mentioned  the  method  of 
showing  a  living  fly  in  the  act  of  feeding  which  was  devised  by 
the  late  Mr.  Macer,  and  the  beautiful  colour  arrangements 
which  Mr.  Rheinberg  has  brought  to  such  jjerfection. 

Communications  are  cordially  invited,  and  aided  by  the 
consultants  who  have  kindly  placed  their  services  at  the  disposal 
of  readers  of  this  column,  I  shall  be  happy  at  all  times  to  give 
every  assistance  and  advice  in  my  power  to  those  who  may  wish 
to  avail  themselves  of  it. 

Wanted  a  MiCROSCoi-li  Taisle. — In  the  November  number 
suggestions  were  invited  for  a  comprehensive  microscope  table, 
wliich  could  be  closed  and  left  with  work  in  hand,  ready  to  be 
proceeded  with  at  some  convenient  subsequent  time. 

I  have  received  several  suggestions,  but  undoubtedly  the  best 
of  all  is  the  table  which  Mr.^T.  H.  Russell,  of  Edgbaston,  had 
built  to  his  own  ideas  some  years  ago.  An  illustration  of  it  is 
appended. 

The  following  are  its  dimensions  :  Height,  2  ft.  ft  in.  ; 
measurement  of  top,  15i  in.  by  24  in. 

It  also  has  a  hinged  flap,  suspended  from  the  back  of  the 
tahle,  11  in.  wide,  on  whicli  mounting,  etc.,  is  done. 

The  table  is  Htted  with  a  drawer  which  is  divided  into  some 
eighteen  compaitments,  similar  to  the  plan  shown.  In  this  are 
contained  dissecting  instruments,  cover  glasses,  glass  slips,  spirit 
lamp,  saucers,  and  general  accessories. 

The  loose  wooden  lid  or  cover,  about  i^  in.  deep,  fits  over 
the  top  of  the  table,  and  is  provided  with  two  locks,  one  at  each 
end,  by  means  of  which  it  can  be  fixed  to  tbe  top  of  the  table, 
and  tlius  covers  any  work  which  may  be  in  progress.  Two 
strong  handles  are  fixed  to  the  sides  of  the  table  for  lifting. 

This  table  has  one  great  merit — sim])licity — and  would  un- 
doubtedly cover  the  requirements  of  four-fifths  of  the  working 
microscopists.     It  will  be  readily  seen  that  it  could  bo  made,  if 


desired,  at  a  very  moderate  expense,  and  modifications  to  suit 
individual  tastes  and  requirements  could  be  readily  introduced. 
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A.  Moveable  cover;  BB,  Locks  ;  C  C,  Handles;  D,  Flap. 

For  those  who  cared  to  do  it,  it  would,  of  course,  be  possible  to 
raise  the  lid  by  means  of  a  pulley  wheel  attached  to  the  ceiling 
and  a  weighted  cord  ;  and 
if  it  were  desired  to  leave 
the  microscope  in  position, 
the  shape  of  the  cover  could 
be  made  so  that  it  would 
go  down  over  tbe  micro- 
scope and  lamp  in  situ. 

To  minimise  vibration, 
the  feet  of  the  table  could 
be  inserted  in  sockets 
padded  with  india-rubber. 

Our  correspondent  has 
in  addition  a  cupboard  in  his 


Plan  of  Drawer,  showing  divisions. 


hall  where  various  articles  such  as  a  supply  of  water,  bottles, 
and  receptacle  for  waste  water,  etc.,  are  always  at  hand. 

Practical  Schk.me. — In  continuation  of  the  attempt  made 
last  year  to  foster  practical  work,  material  will  from  time  to 
time  be  offered  for  distribution  as  hitherto.  Through  the 
courtesy  of  a  reader  I  am  able  to  offer  some  very  interesting 
Spongilla  and  sponge  spicules.  A  small  supply  will  be  sent 
to  applicants  on  receipt  of  a  stamped  addressed  envelope 
accompanied  by  the  coupon  to  be  found  in  the  advertisement 
pages  of  this  issue. 

Mr.  R.  G.  Mason,  of  Clapham,  calls  attention  to  his  series  of 
unmounted  specimens,  and  has  given  me  an  opportunity  of 
seeing  the  Limestone  and  Coal  sections  that  he  is  advertising. 
The  former  would  be  found  very  useful  to  those  who  require 
practice  in  mounting;  the  prepared  specimens  are  cleanly 
mounted  and  show  interesting  structure. 

NOTES    AND    QUERIES. 

C.  M. — You  are  quite  right,  the  deep  curve  of  the  crossed 
lens  of  an  Abbe  illuminator  should  be  mounted  downwards, 
that  is,  in  the  direction  of  the  mirror  of  the  microscope.  The 
focus  you  mention  is  unusually  long  for  an  Abbe  illuminator  of 
correct  form. 

//■.  T. — I  am  afraid  I  cannot  add  to  previous  information. 
You  ought  easily  to  get  a  good  black  background  under  the 
circumstance  you  name,  it  is  entirely  a  question  of  manipulation. 
Presumably  you  use  the  plane  mirror.  While  you  failed  with 
the  Abbe  illuminator  alone,  there  was  a  chance  of  something 
being  wrong,  but  seeing  that  you  do  not  succeed  with  a  spot 
lens  either,  it  seems  certain  that  some  little  detail  in  your 
working  is  not  attended  to. 

ir.  D.  /j.— The  difficulty  you  mention  of  obtaining  the  same 
polarisation  colour  efliects  by  artificial  as  with  daylight  is  always 
a  somewhat  difficult  matter.  The  only  suggestion  I  can  offer  is 
that  you  set  up  a  light  filter  consisting  of  a  trough  containing  a 
blue  medium  of  acetate  of  copper  or  animoniacal  solution  of 
sulphate  of  copper,  and  then  by  varying  the  strength  to  find 
the  tint  which  will  give  you  the  desired  result.  Perhaps  some 
of  our  readers  who  do  petrological  work  may  know  of  some 
other  and  better  method. 
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G.  L. — I  am  afraid  that  I  am  unable  to  advise  j'ou  in  your 
attempt  to  prepare  realgar  specimens,  the  work  is  frauglit  with 
80  much  difficulty  that  it  has  been  abandoned  by  ne;irly  every- 
one ;  even  those  who  do  it  professionally  do  not  secure 
uniformity,  some  specimens  keep  for  a  number  of  years,  while 
others  decompose  in  a  few  days. 

Communications  and  enquiries  on  Microscopical  matters  are 
cordially  invited,  and  should  be  addressed  to  M.  I.  Cross, 
Knowledge  Office,  326,  High  Holhorn,  W.C. 


NOTES  ON   COMETS   AND    METEORS. 

By  W.  F.  Dexning,  f.r.a.s. 

Comet  Pereixk  (1902  b). — This  interesting  object  is  now  necessarily 
relegated  to  the  care  of  observers  in  the  Southern  hemisphere,  as  its 
position  renders  it  invisible  in  high  northern  latitudes.  Movingsome- 
wbat  rapidly  in  a  3.W.  direction  it  has  recently  traversed  Scorpio  and 
Centaurus.  and  will  occupy  a  position  in  about  46  degrees  south  of 
the  celestial  equator  on  January  22,  thereafter  returning  north- 
wards and  again  exhibiting  itself  above  our  English  horizon  early  in 
February.  The  comet  approached  comparatively  near  to  the  planet 
Mercury  on  the  morning  of  November  30  last,  when  the  distance 
separating  the  two  bodies  was  equal  to  1,644,000  miles.  The  following 
is  an  ephemeris  by  Stromgrcn  : — 
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After  the  6rst  week  in  March  the  comet  will  finally  disappear  as  an 
object  for  ordinary  telescopes. 

Comet  Tempel-Swift. — No  announcement  appears  to  have  been 
yet  received  as  to  the  rediscovery  of  this  comet.  The  calculations 
show  that  the  present  return  to  the  perihelion  has  been  much  delayed 
owing  to  the  disturbing  action  of  Jupiter. 

Comet  Swift  (1895  II.). — This  comet  was  discovered  by  Lewis 
Swift  on  Echo  Mountain  on  August  20,  1895,  and  though  a  faint 
object  it  was  followed  until  February  5th,  1896,  during  which  period 
aliout  400  observations  were  obtained.  M.  Schulhof  has  recently 
computed  definitive  elements,  and  remarks  that  "  at  the  opposition  of 
1902  the  comet  will  remain  very  faint;  there  may  be  hope,  nevertbe- 
lesi,  that  it  may  be  found  with  the  aid  of  some  of  the  more  powerful 
instruments.  There  will  be  no  possibility  of  observing  it  at  its  subse- 
quent returns  in  1910  and  1917.  In  1924  its  luminous  intensity  will 
be  almost  the  same  as  in  1902,  but  the  limits  of  uncertainty  in  its 
position  will  then  be  four  times  as  great." 

JfoVEMBEB  Leonids. — Once  more  the  month  of  November  has 
come  and  gone  without  having  furnished  any  striking  meteoric 
spectacle,  and  it  is  now  certain  that  the  present  generation  must 
abandon  all  hope  of  witnessing  a  really  grand  exhibition  of  these 
meteors.  Our  experiences  in  and  since  1898  have  been  singularly 
disappointing,  and  the  (at  least)  temporary  loss  of  the  shower  is  to  be 
deplored  on  several  grounds.  Its  recurrence  would  no  doubt  have 
stimulated  interest  in  the  whole  subject  of  meteors,  while  it  would 
certainly  have  proved  an  incentive  to  the  more  thorough  observation 
of  these  remarkable  and  numerous  bodies.  -■Vpart,  however,  from 
special  displays  such  as  the  Leonids  occasionally  produce  it  .should  be 
remembered  that  even  on  ordinary  nights  of  the  year  the  sky  affords 
a  vast  and  continuous  exhibition  of  meteoric  phenomena  which  patient 
and  persevering  observers  may  i-eadily  witness  and  record  with 
pleasure  to  themselves  and  advantage  to  astronomy. 

FiEEBALLS.— November  3,  Gh.— Mr.  H.  M.  Cross,  of  Scarborough, 
saw  a  very  brilliant  meteor  shoot  across  the  heavens  from  east  to  west, 
leaving  a  long  streak  of  light  behind  it. 

November  9,  7h.  20m.— Mr.  Ivor  F.  H.  C.  Gregg,  of  Cambridge, 
obseryed  a  fireball  about  two  or  three  times  brighter  than  Venus 
moving  very  slowly,  and  leaying  a  fine  streak.  Path  from  154° -h  57° 
to  1324"  +  54°  ;  duration  of  flight,  4  seconds. 

November  16,  evening. — Very  large  meteor,  with  a  trail  of  red 
light,  seen  at  Berlin.  The  meteor  burst  low  down  in  the  western  skv, 
and  appeared  like  "  a  tremendous  rocket." 


November  25,  7h.  45m. — A  splendid  meteor,  noticed  by  a  casual 
observer  at  Bristol,  moving  rapidly  in  a  north-west  direction,  and 
throwing  off  a  long  train  of  sparks. 

December  2,  7h.  20m. — The  Rev.  S.  J.  Johnson,  of  Bridport,  saw 
a  meteor  brighter  than  Venus  passii-g  slowly  near  the  stars  k  Draconis 
— ^UrsiB  Majoris.  The  meteor  was  greenish  in  colour,  and  it  left  a 
train.  Duration  of  flight,  about  2^  seconds.  The  observed  course 
was  from  187" -h  71°  to  203°-r57  ,  and  the  probable  radiant  near  cither 
a  Persei  or  £  Arietis. 

♦- 

THE  FACE  OF  THE  SKY  FOR  JANUARY. 

By  W.  Shackleton,  f.r.a.b. 

The  Sun. — On  tlie  1st  the  .sun  rises  at  8.8  a.m.  and 
sets  at  3.-59  p.m.  ;  on  tlie  31st  he  rises  at  7.44  and 
sets  at  4.44. 

The  earth  is  at  its  least  distance  from  the  sun  at  1  a.m. 
on  the  4th  ;  the  a]>parent  diameter  of  the  sun  being  then 
at  its  maximum,  32'  35"-06;  the  horizontal  parallax  of  the 
sun  is  then  8"'95,  also  a  maximum. 

Small  groups  of  sunspots  may  be  expected  from  time 
to  time. 

The  Moon  : — 


Phases. 

h.    m. 

Jan.    6 

J    First  Quarter 

9  .57  P.M. 

„     13 

O  Full  Moon 

2  17  P.M. 

„     20 

<l    Last  Quarter 

11    49    A.M. 

„     28 

9  New  Moon 

4  39  P.M. 

The  moon  is  in  perigee  on  the  13th,  and  in  apogee  on 
the  25th. 

OccTJLTATiONs. — The  principal  oeeultations  visible  at 
(jreenwich  are  as  follows  : — 
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Ocoultation  of  a  Cancri. 

The  diagram  shows  the  oecultation  of  the  4th  magnitude 
star  a  Cancri.  The  letters  D  and  E  indicate  the  points  of 
disappearance  and  reajipearauce. 
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The  Planets. — Mercury  is  an  evening  star  in  Capri- 
eornus  ;  he  attains  his  greatest  elongation  of  18^  4.5'  on 
the  18th,  when  he  sets  Ih.  45m.  after  the  sun. 

Venus  is  also  an  evening  star,  setting  soon  after  the 
sun.  On  the  evening  of  the  -jOth,  when  the  planet  sets 
at  6  P.M.,  she  is  in  close  conjunction  with  Jupiter,  Jupiter 
being  only  0°  44'  to  the  north  ;  it  is  unfortunate  that  the 
planets  set  so  soon  after  the  sun,  for  it  will  only  he  possible 
to  observe  this  exceptionally  close  approach  in  twilight. 

Mars  now  rises  before  midnight ;  his  path  lies  in  Virgo, 
and  on  the  morning  of  the  11th  he  passes  to  the  south  of 
y  Virginis  by  only  a  few  minutes  of  arc.  At  .5  a.m.  on 
the  19th  the  planet  is  in  conjunctiou  with  the  moon,  Mars 
being  3°  3-5'  to  the  north.  The  gibbosity  of  the  disc  is 
considerable,  the  illuminated  portion  being  0'91  of  the 
whole. 

Jupiter  is  practically  observable  only  during  the  first 
few  days  of  the  month,  but  the  close  conjunction  of  the 
planet  with  Venus  on  the  30th  is  interesting,  and  may 
possibly  be  seen  in  twilight. 

Saturn  is  not  observable,  being  in  conjunction  with  the 
sun  on  the  21st. 

Uranus  is  also  out  of  range,  being  too  near  the  sun. 

Neptune  is  visible  throughout  the  night.  On  the  1st 
he  is  very  close  to  rj  Geminoriim,  having  the  same  right 
ascension  as  the  star,  and  being  only  15'  to  the  south. 
Although  the  most  distant  of  the  planets,  he  hardly  repays 
the  trouble  of  finding  ;  still  it  is  an  object  that  one  wishes 
to  have  seen,  and  with  the  help  of  the  accompanying 
chart  the  planet  may  be  picked  out  from  amongst  the 
rich  star-fields  through  which  his  path  lies. 


Ch.xrt    sli.nviiifi    patli    cf    Xci>luiif    in     (K-mini    tliniiigliout 
t)ie   year    190;i. 

The  Spars. — The  positions  of  tjio  principal  constellations 
near  the  middle  of  the  month  at  9  p.m.  are  as  follows : — 

Zknitk     .     Perseus,  Auriga  (Capelln). 

South       .     Pleiades,  Tatirus,  Orion,  with  Aries  and  Cetus 

towards  the  S.VV..  and  Prorijoii  and  Siriun 

towards  the  S.E. 

Wrst        .     Pegasus,  Androni?da,  Aquarius  and  Pisces  ; 

Cygnus  to  the  N.W. 
E\sr         .       Leo   (KfjiUiif:)    low   down,    Oaucor,    Gremini 

(OaMor  and  Pollux)  high  up. 
NouTU      .     Ursa  Minor  and  Draco  below  Pnhirix.  with 

Cassiopeia  to  the  left  and  Ursii.  Major  to 

the  right. 

Minima  of  Algol  occur  at  convenient  times  on  the  7th 
at  1 1.51  P.M..  IDth  at  8.40  p.m.,  13lh  at  5.29  p.m..  28th  at 
1.34  A.M.,  and  30th  at  10.23  p.m. 


Cftcss  Column. 

By   C.   D.    LococK,    b.a. 

Communications  for  this  column  should  be  addressed 
to  C.  D.  LococK,  Netherfield,  Camberley,  and  be  posted 
by  the  10th  of  each  month. 

Solutions  of  December  Problems. 
No.  22. 
Key- move. — 1.  P  to  B7. 
If  1 ....  Kt  to  K2  (or  R3),     2.  Q  to  K8,  etc. 
1.  .  .  .  KttoB3,  2.  QtoB4eb,  etc. 

1 .  ,  .  .  K  to  K4,  2.  Q  to  K8ch,  etc. 

1.   ...  B  to  Kt7,  2.  Q  to  B3ch,  etc. 

After  1.  ...  B  to  B6  there  is  a  triple  continuation  bv 
2.  Q  to  B4ch,  Q  to  Boch,  and  Kt  to  KtSch. 

No.  23. 
Key-move.  — 1.  B  to  Q5. 
If  1.  .  .  .  K  to  Q6,  2.  Q  to  QKt2,  etc. 

1.  ...  P  to  K6  (or  B  to  Q2),     2.  QxEch,  etc. 
1,   ...  R  to  QBO.  2.  KtxR.  etc. 

1.  .  .  .  R  <  P  (or  R  to  KRr.\     2.  Q  to  QKt2,  etc. 
1.  ...  Kt  to  B5,  2.  QxR,  etc. 

1.  .   .  .  R  toKt6,  2.  PxR,  etc. 

1.  .  .  .  R  toKtS,  2.  RxR,  etc. 

1.  .  .  .  R  toK6,  2.  QxR,  etc 

There  is  a  dual  after  1.  ...  B  to  Kt4,  by  2.  Q  xRch 
and  Q  to  QKt2  ;  and  after  1.  ...  R  to  QR6,"by  2.  Kt  x  R 
or  Q  to  QKt2.  (i.  Woodcock  points  out  a  pretty  "  trv"  by 
1.  Q  to  B7,  BxQ  (?),  2.  Kt  to  Btjch.  K  to  K3.  3."  B  to 
B8  mate. 

No.  24. 
Key-move. — 1.  Q  to  R6. 
If  1.  ...  K  X  P,  2.  Q  X  QPch,  etc. 

1.  .   .   .  BxP,  2.  Q  to  Rsqoh,  etc. 

1.  .  .  .  PxP,  2.  Q  to  R7ch,  etc. 

1.  .   .  .  KtxQ,  2.  Kt  to  KGch,  etc. 

1.  .  .  .  KttoKt3,        2.  QxKteh,  etc. 
1.  ...  P  to  K6,  2.  Kt  to  B3ch,  etc. 

Solutions  received  Irotn   W.   Nash,  5,  6,  4  ;    W.  Jay, 

4,  (1,  4;  G.  Woodcock,  4,  4,  4;  G-.  A.  Forde  (Capt.),  4,  4, 4; 
"Tamen,"  4,  5,  4;    C.   Johnston,  4,  5,4;    "Looker-on," 

5,  (i,  4;  J.  W.  Dawson,  5, 4.  4;  Lieut.-Col.  Damaiiia,  4,  0,  4. 
IF.  /(((/. — Will  you  kindly  send  your  address  ? 
"Tamen." — I  have  referred  again  to  your  solutions  of 

the  November  problems,  and  find  that  your  score  (5,  4,  4) 
was  correctly  given.  The  only  dual  you  pointed  out  in 
No.  19  (other  than  the  short  mate)  was  that  after 
1.  .  .  .  BxKtP.  You  did  not  give  the  dual  in  No.  20, 
and  those  in  No.  21,  according  to  the  published  rules,  do 
not  count.  The  faulty  punctuation  was,  I  think,  a  printer's 
error  which  escajied  notice.  Tlianks  tor  your  reference  to 
Kno\vi.ed(;e  of  Pobruary,  1894.  I  am  glad  to  find  that 
the  views  therein  expressed  on  the  subject  of  dual  short 
mates  were  in  accord  with  the  final  decision  given  this 
year.  The  temporaiT  decision  given  in  July  this  year  was 
certainly  incorrect. 

JF.  Nai<h.  —Your  first  letter  reached  me  safely.  Thanks 
for  your  news.  Please  say  from  what  date  you  would  like 
your  year's  subscription  to  commence. 

The  Solution  Tourney  for  1902  is  now  ended.  Sub- 
joined   are    th(>   scores   of    tliose   who   attempted    every 

problem:—  •' W.  Jay "      120 

"  Looker-on "...  .         IIG 

W.Nash  112 

f  J.  W.  Dawson  ...        100 

(C.  Johnston     100 

G.  Woodcock 90 

"  Tamen  "         ...  ...  7^ 
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Any  objections  to  the  correetness  of  this  score  must  be 
posted  by  Jiinuarv  10th.  Failing  this,  Mr.  "  W.  Jay  " 
{W.  J.  N.  Brown)  becomes  the  first  holdi-r  of  the  Challenge 
Trophy.  Mr.  Jay  was  second  in  the  last  Solution  Tourney, 
after  a  tie  for  first  place  with  Mr.  Johnston.  His  score  on 
this  occasion  shows  how  well  he  deserves  his  victory  ;  out 
of  a  niaxiiuuin  of  121  he  has  obtained  120,  the  only  point 
missed  lieinj;  lor  the  dual  in  No.  22.  The  second  prize 
(15s.)  goes  to  ''Looker-on"  (G.J.  Slater),  who  made  a 
splendid  uphill  fight  after  losing  three  points  in  the  first 
month.  Mr.  Nash,  who  obtains  the  third  prize 
(Knowledge  for  twelve  months)  overlooked  some  duals 
in  November,  or  would  have  been  even  nearer  the  others.  Mr. 
Dawson  solved  every  problem  correctly,  but  was  penalised 
once  or  twice  for  iocorrect  claims.  Mr.  Johnson  missed 
two,  but  succeeded,  nevertheless,  in  reaching  the  "  century." 
Mr.  Woodcock  also  failed  on  two  occasions,  and  could,  no 
doubt,  have  scored  more  for  duals  had  he  been  so  inclined. 
"  Tamen's  "  score  would  have  been  considerably  higher  if 
his  solutions  had  not  been  too  late  to  count  one  month. 


PEOBLEMS. 

No.  25. 
"  Inter  pocula." 


White  (S). 

Wliite  mates  in  three  moves. 

No.  26. 
"  Ben  trovato." 

Black    4i 


White  (5) 

White  mates  in  three  moves. 

The  above  are  the  last  problems  of  the  current  Problem 
Tourney.  It  may  be  mentioned  here  that  the  order  of 
publication  has  been  decided  by  lot  each  month. 


SOLUTION   TOURNEY,    1903. 

This  year's  Solution  Tourney  commences  in  the  present 
number  of  Knowledge,  and  will  continue  till  the  end  of 
the  year.  The  winner  will  hold  for  twelve  months  the 
Knowledge  Challenge  Trophy.  This  will  become  the 
property  of  any  solver  who  wins  it  three  years  in  succession, 
or  four  years  altogether.  In  the  event  of  a  tie,  the  previous 
holder  will  retain  possession  of  the  trophy ;  in  that  case, 
however,  neither  a  win  nor  a  loss  will  be  scored  to  the 
holder. 

The  second  prize  will  be  I5s.,  and  the  third  prize 
Knowledge  for  twelve  months.  In  the  event  of  ties  for 
either  or  both  of  the.se,  the  ties  shall  be  decided  by  a 
further  trial  of  skill  uuder  new  conditions,  or  the  prizes 
divided  at  the  discretion  of  the  Chess  Editor. 

The  problems  published  will  be  either  three-move  or 
two-move  direct-mates,  and  not  more  than  two  will 
appear  in  any  number.  In  the  event  of  any  problem  being 
incorrectly  printed,  it  will  be  cancelled  and  reprinted. 
Points  will  be  awarded  as  follows  : — 

Two-move  Problems  — Any  one  correct  key,  2  points ; 
a  second  solution,  I  point. 

Three-move  Problems. — Any  one  correct  key,  4  points  ; 
a  second  solution,  2  points. 

One  point  will  be  deducted  for  any  one  incorrect  claim 
for  a  second  solution.  A  correct  claim  of  "  no  solution  " 
wiU  count  as  a  correct  key. 

Special  Note. — Duals  will  not  score  after  this  month, 
when  the  Tourney  Problems  come  to  an  end.  All  solutions 
must  bear  postmark  of  the  issuing  office  not  later  than 
the  lOth  of  the  same  month. 


CHESS   INTELLIGENCE. 

Another  small  tournament  among  the  Parisian  experts 
has  just  been  concluded,  M.  Silbert  on  this  occasion  joining 
the  competitors  in  the  previous  tourney,  which  was  won 
by  M.  Janowskv.  This  time  M.  Taubenhaus  succeeded  iu 
sharing  the  first  and  second  places  with  M.  Janowsky, 
their  scores  being  4|.  M.  Albin  scored  4,  and  M.  Silbert 
1^.  Herr  von  Scheve  retired  in  the  middle  of  the  com- 
petition, his  score  at  the  time  being  I5. 

The  British  Chess  Club  being  now,  as  a  separate 
institution,  defunct,  the  management  of  the  Anglo- 
American  Cable  Match  will  in  future  be  in  the  hands  of 
the  City  of  London  Chess  Club  The  date  of  the  match 
will  depend  on  that  of  the  conclusion  of  the  Monte  Carlo 
tournament.  It  is  hoped  that  the  transmission  of  the 
moves  will  be  effected  by  means  of  wireless  telegraphy. 


All  manuscripts  should  be  addressed  to  the  Editors  of  Ksowledge,  326,  Hiirh 
Hoi  bom,  London;  they  should  be  easily  legible  or  typewritten.  All  diagrams 
or  drawings  intended  for  reproduction,  should  be  made  in  a  good  black 
medium  on  white  card.  WTiile  happy  to  consider  unsolicited  contributions, 
which  should  be  accomp^iuied  by  a  stamped  and  addressed  envelope,  the 
Editors  cannot  be  responsible  for  the  loss  of  any  MS.  submitted,  or  for  delay 
in  its  return,  although  every  care  will  be  taken  of  those  sent. 

Communicatious  for  the  Editors  and  Books  for  Beview  should  be  addressed 
Editors,  Knowledge,  336,  High  Holborn,  London. 
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CROSS-FERTILISATION  IN  SOCIOLOGY.~I. 

Bj  J.  Collier. 

The  iisscrlion  was  perhaps  first  made  by  Niebiibr.  rojieatcd 
by  Whately,  and  supposed  to  be  very  damaging  to  the 
alleged  evolution  of  the  higher  races  of  man  from  the 
lower,  that  there  is  no  instance  on  record  of  a  savage 
peo])le  raising  itself  unaided  from  barbarism  to  civilisation. 
Might  not  the  criticism  be  generalised  ?  Can  it  not  be 
affirmed  that  tliei-e  is  no  recorded  example  of  aiiv  people 
rising  consideiably  in  the  scale  of  culture  titherwise  than 
by  receiving  stiiiinlatiou,  amicable  or  hostile,  from  other 
peoples  ?  For  it  may  happen  in  two  ways.  A  man  is 
"made  by  his  enemies,"  like  Mr.  Chamberlain,  and  nations 
have  been  brought  to  the  point  of  self-conscious  individu- 
ality, as  hapiieiied  to  England  and  France,  to  France  and 
Germany,  by  mutual  animosity.  French  and  English 
historians  agree  that  the  latter  stages  of  the  French 
Eevolution  were  initiated  by  the  hostility  of  coalised 
Eurojie.  But  wrath  and  hatred  are  not  at  the  base  of 
collective  any  more  than  of  individual  life;  the  chief  social 


regenerator  is  love,  and  in  its  primary  form.  The  floral 
world  has  been  finely  shown  to  owe  its  beauty  and 
magnificence  to  cross-fertilisation ;  the  animal  world 
might  likewise  be  shown  to  be  indebted  for  its  vigour  and 
variety  to  intercrossing.  So  might  it  lie  proved  that  most 
great  advances  in  civilisatiim  have  been  originated  by  the 
blending  of  two  stocks,  the  immigration  of  individuals 
from  one  society  to  another,  the  temporary  migration  of 
individuals  to  other  societies,  the  transmission  of  germs 
from  one  society  to  another  by  various  agencies,  or  by  the 
reaction  of  one  portion  of  a  community  on  another,  or  of 
one  form  of  social  life  on  another.  These  are,  all  of  them, 
robust  or  "  degraded "  modes  of  intercrossing  or  cross- 
fertilisation. 

Cross-Breeding   in    Philosophy. 

A  rapid  sketch  of  a  single  line  of  development  will 
reveal  something  of  the  part  that  this  great  natural  agency 
has  played  in  history.  All  the  leading  philosophies  have 
been  born  of  the  contact  of  alien  ideas  with  native  systems. 
Platonism  was  begotten  by  the  soaring  speculations  of  the 
Italian  Eleates  on  the  stubborn  realism  of  Socrates. 
Aristotle  was  formed  by  opposition  to  his  master  and  by  a 
species  of  intercrossing ;  in  him  metaphysic  was,  as  it 
has  all  along  been,  fertilised  by  contemporary  science. 
Pantheistic  Stoicism  was  the  offspring  of  Asiatic  thought 
on  Greek  thought  ;  Deistic  Epicureanism  of  atomistic 
science  on  the  same  basis.  Greek  Eclecticism  consisted  of 
a  medley  of  systems  intermingled  by  Svrian,  Phoenician, 
Greek,  and  Roman  thinkers.  Neo-Platouism  blended 
Aristotelianism  and  Platonism  with  an  Oriental  admi.Kture. 
Mediaeval  Scholasticism  was  the  outcome  of  Aristotelianism 
ayjplied  to  Christian  theology.  The  scientific  discoveries  of 
the  seventeenth  century  bred  an  original  philosophy  equally 
on  the  sympathetic  Scholasticism  of  Descartes  and 
on  Hobbes's  antagonism  to  Scholasticism.  Cartesianism 
generated  Spiuozism  on  the  traditions  of  the  Cabbala. 
Spinozism  introduced  the  new  element  of  immanence  into 
the  philosophy  of  Europe.  Kantism  was  begotten  by  the 
scepticism  of  Hume  on  the  metaphysic  of  Wolf  and 
Tetens.  The  cloudy  transcendentalism  of  Schelliug  was 
the  phantom  produced  by  the  union  of  Oken's  pseudo- 
science  with  Kantism.  The  old  French  philosophy  took 
on  a  new  character  in  Eoyer-Collard  under  the  influence 
of  Reid.  Victor  Cousin  owed  his  originality  to  an  early 
infusion  of  German  doctrines.  Hamilton  repaid  Kant's 
debt  to  Hume  by  affiliating  himself  on  Kant,  with  Reid 
for  matrix.  Ferrier  reared  a  bright  castle-in-the-air 
under  the  inspiration  of  Berkeley.  And  Mr.  Spencer 
acknowledges  that  a  formula  of  von  Baer  was  the  starting- 
]ioiiit  of  his  evolutionary  (and  revolutionai-y)  career. 

These  ai-e  the  blue  gentians  and  the  gorgeous  wat^r- 
lilies  of  the  speculative  reason,  and,  like  their  vegetal 
analogues,  they  owe  their  brilliancy  to  the  mingling  of 
diverse  stocks.  What  a  self-fertilising  philosojtby  may 
come  to  we  see  in  later  lifeless  Scholasticism.  Wooden 
Dutch  philosophy  after  Spinoza,  the, sounding  inanities 
of  Italian  philosophy  between  Vico  and  Vera,  the  dull 
j>latitudes  of  Scottish  philosophy  from  Dugald  Stewart  to 
McCosh,  later  Spanish  philosophy,  and  the  orthodox 
official  philosophy  of  all  countries.  These  are  the  useful 
grasses  and  useless  sedges  of  thought,  whose  small,  pale, 
etiolated  blossoms  do  not  minister  delight  or  attract  the 
wayfarer. 

Mass-Fertilisation. 

All  through  Nature  the  male  seeks  the  female.  The 
masculine  peoples — the  Greeks  for  a  time,  the  Romans  pre- 
eminently, the  Spaniards  of  the  sixteenth  century,  the 
English  of  the  last  three  centuries,  and  now  the  Russians 
— have    spread  themselves   over   the  world   in  search  of 
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feminine  peoples  to  be  conquered  or  civilised.  The  effect 
they  produce  is  proportionate  (1)  to  the  prepotency  of  the 
atigressive  element,  and  (2)  to  the  amount  of  it.  The 
Macedonian  highlanders,  reinforced  by  Greeks  from  the 
islauils  and  the  two  mainlands,  who  Hellenized  Asia  and 
Eijyiit  under  Alexander  and  his  successors,  caonot  have 
been  very  numerous,  but  their  propagandist  energy  and 
intellectual  superiority  raised  their  prepotency  to  the 
highest  point  ever  attained.  Accordingly,  they  diffused 
Greek  culture  over  a  large  part  of  the  East,  developed 
Greek  philosophy  and  science,  and  prepared  a  theatre  for 
the  reception  of  Christianity.  Cosmopolitan  Alexandria, 
in  particular,  was  at  once  a  menstruum  of  nationalities, 
and  the  scene  of  the  fusion  of  Oriental  and  Occidental 
thought. 

It  is  estimated  by  M.  Jullien  that  the  colonists  settled 
in  Gaul  by  Julius  Caesar  and  Augustus  did  not  exceed 
thirty  thousand.  Add  merchants,  artizans.  functionaries 
and  slaves,  and  the  total  may  still  be  inconsiderable. 
Yet  with  this  limited  material,  the  world- moulding  people 
modelled  Provence  in  its  own  image,  and  from  this  base 
it  Romanised  Northern  Gaul,  Western  Germany,  and 
Southern  Britain.  The  Eomau  talent  for  government 
made  the  Eomans  as  prepotent  morally  as  the  Greeks 
were  intellectually. 

In  northern  Gaul  the  Franks  were  more  prepotent  than 
their  Visigothic  kin  in  the  south,  and  probably  more 
numerous  than  the  Romans  there.  They  yet  created  no 
new  ethnical  type,  but  only  reinforced  the  fair  dolicho- 
cephalic element.  They  strengthened  the  characters  of 
energy,  firmness,  and  seriousness  in  the  Gaulish  tempera- 
ment. They  did  not  produce  the  feudal  rikjime,  but  they 
contributed  the  fructifying  pollen  which  developed  it  out 
of  existing  usages,  thus  made  it  inevitable,  and  added  to 
it  certain  features  that  were  peculiar  to  themselves. 
Mediieval  chivalry  was  the  offspring  of  the  marriage  of 
the  German  with  the  Gaulish  minds.  The  key  to  French 
history  lies  in  the  perception  of  this  periodic  cross-fertili- 
sation. We  observe  it  again  in  the  abortive  Reformation 
of  the  sixteenth  century,  in  the  critical  movement  of  the 
eighteenth  century,  in  French  philosophy  under  Louis 
Philippe,  in  the  "French  literature  of  the  sixties,  and 
French  science  of  the  nineties. 

The  numbers  of  the  Saracen  invaders  of  Spain  are 
stated  at  twenty-two  thousand ;  these  were  doubtless 
largely  increased  by  later  immigration,  but  seven 
centuries  afterwards  they  did  not  exceed  two  hundred 
thousand.  Tet  their  influence  on  Visigothic  Spain 
was  deep  and  has  been  lasting.  By  constant  inter- 
marriages they  created  a  new  ethnical  type,  of  mixed 
Arab  and  Spanish  blood.  Is  the  ferocity  of  the  Spanish 
character,  as  plainly  shown  in  its  saints  as  in  its  hidalgos, 
in  its  religion  as  in  its  conquests  and  its  sports,  derived 
from  the  foundation  of  savagery  in  the  Semitic  nature  ? 
They  modified  the  physical  environment  by  erecting  public 
buildings  and  constructing  a  system  of  irrigation  that  are 
still  in  use.  They  established  the  culture  of  silk  and 
sugar.  They  transmitted  the  manufacture  of  paper  and 
of  gunpowder,  and  the  binding  of  books.  They  changed 
the  face  of  pharmacy  and  medicine.  They  diffused  over 
Europe  the  Arabic  numerals,  algebra  and  the  higher 
mathematics.  Heeren  asserts  that  they  made  no 
important  discovery,  but  others  allege  that  thev  originated 
the  germs  of  many  later  discoveries.  Thev  deeply  affected 
the  vocabulary,  the  literary  forms,  and  the  "spirit  of 
Castihan  literature.  Their  influence  on  philosophy  can 
be_  definitely  stated.  They  translated  the  works  of 
Aristotle  from  the  Syriac  versions,  not  from  the  Greek. 
The  Arabic  versions  were  translitei  into  Hebrew  bv  the 
Jews,  whose    translations    were    translated    iuto    Latin. 


Aristotle  four  times  decanted  was  the  only  Aristotle  the 
early  Schoolmen  knew.  Aristotle  was  commented  on  by 
Arabian  Averroes ;  Averroes  was  commented  on  by 
Jewish  Maimonides ;  and  from  these  blended  sources 
Greek-Arabie-Jewisli  speculations  flowed  into  mediaeval 
Europe  by  influencing  Alexander  of  Hales,  Bonaventura, 
and  Albertus  Magnus,  the  earliest  Schoolmen.  In  all 
these  ways  the  Arabians  communicated  fresh  vigour  to 
the  European  intellect. 

The  little  band  of  Normans  who  conquered  Calabria 
and  Apulia  consisted  of  no  more  than  twelve  hundred 
horse  and  foot,  though  in  twenty  years  it  swelled  to  the 
legendary  total  of  sixty  thousand.  We  should  expect 
their  prepotency  to  have  been  more  military  than  in- 
tellectual or  commercial ;  yet  they  set  up  the  earliest 
medical  school  in  Europe,  and  founded  the  city  that  first 
distributed  the  products  and  manufactures  of  the  East. 
To  Sicily  the  same  conquering  race  transported  from 
Athens,  Corinth  and  Thebes,  a  captive  multitude  of  silk 
weavers  and  artizans,  who  planted  new  industries  in  Italy. 
To  England  it  brought  the  seeds  of  new  institutions,  new 
arts,  new  philosophies  and  theologies.  The  history  of  our 
own  country  strikingly  illustrates  the  Darwinian  principle 
that  a  social  organism  crossed,  though  at  distant  intervals, 
with  kindred  varieties,  gains  vigour  and  fecundity. 

Group-Feetilisation. 
Countries  are  fertilised  by  groups  as  well  as  by  masses. 
In  the  third  century  Germany  received  the  first  seeds  of 
Christianity  at  the  hands  of  Roman  refugees  from  perse- 
cution ;  and  at  the  same  time  a  multitude  of  Roman 
provincials,  captives  of  the  Goths,  diffused  the  same 
religion  in  Dacia  among  their  masters,  whose  apostle, 
Ulphilos,  invented  the  Gothic  alphabet.  In  the  sixth 
century  the  bigotry  of  Justinian  drove  thousands  of  his 
industrious  Nestorian  subjects  from  all  provinces  of  the 
Eastern  Empire,  whence  they  carried  into  Persia  the  arts 
alike  of  peace  and  war.  About  the  middle  of  the  eighth 
century  Constautine  Copronymus  transplanted  the  sect  of 
Paulieians  from  the  banks  of  the  Euphi*ates  to  Constanti- 
nople and  Thrace,  where  they  introduced  and  diffused  the 
germs  of  Protestantism  They  were  strengthened  by  a 
second  and  larger  contingent,  transported  two  hundred 
years  later  from  the  Chalybian  hills  to  the  valleys  of 
Mount  Hijemus.  They  spread  from  Bulgaria.  Croatia  and 
Dalmatia,  into  the  Greek  provinces  of  Italy  and  Sicily, 
whence  they  silently  propagated  their  o[iinion.s  as  far  as 
Rome  and  Milan.  In  the  south  of  France  they  were 
known  as  the  Albigeois,  whose  bleeding  remnants  bore 
their  faith  into  Northern  France,  England,  Bohemia,  and 
Germany.  An  unbroken  chain  thus  links  the  second 
founder  of  Christianity  to  Wickliffe  and  Jerome,  Calvin 
and  Luther.  The  exiled  French  Huguenots  conveyed  to 
Prussia  the  secrets  of  several  lucrative  industries,  and 
(according  to  Laveleye)  communicated  to  the  Kerlin 
mind  the  vivacity  and  precision  that  have  aided 
it  in  gaining  an  ascendancy  over  the  vague  and 
dreamy  spirit  of  Germany.  They  brought  to  England 
sugar  refining,  and  introduced  improvements  in  the 
paper  manufacture.  But  the  best  gifts  are  men.  The 
Huguenots  took  to  Germany  the  ancestors  of  Savigny, 
who  founded  a  new  school  of  law  and  a  new  method — the 
historical  method,  and  Beausobre,  who  initiated  a  new 
species  of  history — the  history  of  doctrines.  To  England 
they  brought  the  "  dissidence  of  Dissent,  and  the 
Protestantism  of  the  Protestant  religion"  in  an  ancestor 
of  Edward  Miall ;  in  an  ancestor  of  James  Martineau, 
that  "  purer  and  more  perfect  theism  "  to  which  Gladstone 
believed  that  religion  would  one  day  be  reduced ;  while 
his  sister,  Harriet,  was   the    masculine   expositor   of   an 
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enlightened  secularism.  These  were  the  developments  of 
Protestant  germs.  In  John  Henry  Newman  the  sturdy 
Huguenot  stock  may  not  seem  to  have  been  prepotent ; 
but  the  priest  who  denounced  the  "insolent  and  aggressive 
faction "  that  forced  on  an  Ecumenical  Council  the 
definition  of  the  dogma  of  Papal  infallibility,  like  the 
cardinal  who  kej^t  the  Decline  and  Fall  constantly  on  his 
desk,  must  have  remained  a  Protestant  at  heart. 


ST.    SOPHIA,    CONSTANTINOPLE. 

By  E.  M.  Antoniadi,  p.b.a.s. 
Uludrated  from  original  drawings  hy  the  Autlior. 


Inteoductoet. 

Theee  is  much  to  attract  the  archaeologist  in  the  city  of 
Coustantine.  Gigantic  ruins  of  land  and  sea  walls ; 
towers  jjicturesquely  invaded  by  luxuriant  vegetation,  and 
cracked  by  frequent  earthquakes  in  a  geologically  wavering 
soil ;  imposing  remains  of  once  garish  palaces  ;  magnificent 
churches,  often  preserved  intact ;  monumental  aqueducts  ; 
vast  cisterns ;  and  inextricable  subterranean  labyrinths, 
are  as  many  fascinating  subjects  of  study  to  the  inquisitive 
mind. 

During  his  long  stay  in  Constantino]ile,  the  writer  took 
some  interest  in  archseology,  but  only  as  a  recreation  from 
biisiness  and  astronomical  observations.  It  was  at  once 
felt,  however,  that  the  subject  of  Byzantine  antiquities,  as 
a  whole,  was  too  vast  to  be  seriously  undertaken  ;  and  that 
the  justification  for  any  claims  to  originality  in  the  final 
results  involved  a  strict  specialisation  of  the  enquiry  in  a 
limited  domain  of  mediaeval  Greek  architecture. 

St.  Sophia,  the  splendid  cathedral,  and  now  the  great 
mosque  of  Constantinople,  presented  a  particular  attraction 
to  the  writer  through  the  mystery  veiling  its  former 
condition,  and,  especially,  its  inner  division  as  a  Christian 
church.  Prom  1889  to  1893,  he  visited  that  celebrated 
shrine  hundreds  of  times,  and  took  accurate  plans,  sections 
and  elevations  of  it,  as  well  as  a  very  large  number  of 
drawings  of  its  appearance.  These  data  have  been 
further  completed  and  checked  by  photography ;  so  that 
the  ec|uipment  for  understanding  the  text  of  the  Greek 
historians  in  the  light  of  the  present  building  was  as 
satisfactory  as  could  reasonably  be  expected. 

Much  assistance  was  received  at  the  time  from  the  late 
Canon  Curtis,  of  the  Crimean  Memorial  Church,  Con- 
stantinople ;  while  the  disinterested  willingness  of  tlie 
Turkish  guides  of  the  mosque  in  giving  honest  and 
valuable  information  was  most  welcome  and  gratifying. 

Historical  Notices. 

The  foundation  of  a  church  dedicated  to  the  Holy 
Wisdom,  or  to  Christ  himself,  is  attributed  to  Ctmstantine 
the  Great.  It  appears  that  the  structure  was  begun 
towards  326  a.d.,  and  that  its  dedication  did  not  take 
]il:ici'  before  360,  in  the  reign  of  Coustantius.  The  form 
of  the  first  church  was  that  of  the  basilica  type,  probably 
with  three  naves  covered  with  barrel  vaults,  the  central 
vault  resting  on  two  rows  of  columns.  Burned  partly  by 
the  partisans  of  St.  John  Chrysostom,  who  was  banished 
IVoiii  the  city  in  -R)l',  and  again  restored  by  Tbeodosius 
Ihe  Youiifjer  in  41.5,  Constantino's  church  was  at  last 
totally  destroyed  by  fire  in  the  Nika  riot  of  532. 

The  (|uell  of  the  rebellion  raised  Justinian  to  the  acme 
of  jiower.  His  ambition  was  to  reconstruct  the  church  iu 
such  splendour  as  to  transcend  anything  over  achieved 
V)efore  ;  and  the  unrivalled  genius  of  his  architect, 
Antheuiius  of  Tralles,  enabled  the  emperor  to  jiroduce  a 


building  which,  in  originality  of  design,  audacity  of 
structure,  and  gorgeousness  of  decoration,  has  never  since 
been  equalled,  or  even  approached.  It  was  only  thirty- 
nine  days  after  the  fire  that  Justinian  undertook  the  re- 
construction, and  he  pushed  the  work  with  such  relentless 
activity,  that  the  present  building  was  completed  and 
opened  in  the  incredibly  short  space  of  not  even  six 
vears  ;  the  dedication  aotuallv  taking  place  on  Christmas 
"Day,  637. 

The  136.5  years  separating  us  from  the  dedication  saw 
vast  changes  in  the  appearanceof  the  church.  In  the  first 
place,  the  original  dome,  which  was  twenty  feet   flatter 


Fio.  1. — St.  Sophia  at  sunset,  with  light  streaming  through  the 
Dome.  (Appearance  of  the  Mosque  towards  1455,  at  the  completion 
of  the  Minaret  erected  by  Mohammed  II.) 

than  the  present  one,  fell  in  558  through  the  effects  of 
repeated  earthquakes,  and  it  was  thought  safer,  in  its  re- 
construction, to  check  somehow  the  thrust  by  raising  the 
curve  to  a  greater  height.  The  second  dedication  under 
Justinian  took  place  once  more  on  Christmas  Day,  563, 
seven  years  before  the  birth  of  Mohammed. 

An  adumbration  of  the  subsequent  history  of  St.  Sophia 
may  be  given  as  follows : — 

A.D.  620±.  At  the  critical  moment  of  the  war  between 
Heraclius  and  Chosroes  the  Church  comes  nobly  forward 
and  saves  the  State,  by  coining  many  of  the  treasures  in 
its  possession. 

628.  Heraclius  lifts  iu  triumph  the  wood  of  the  True 
Cross  before  the  altar  of  St.  Si>i>hia. 

725.  Leo  the  Isaurian  issues  his  first  edict  against 
image  worship. 

741.  Great  Earthquake  of  Constantinople. 

842.  End  of  the  Iconoclastic  controversy  ;  triumph  of 
Orthodoxy. 

865.  Erection  of  a  belfry  near  the  west  front  of  the 
church. 

869.  Earthquakes  ;  the  vaulting  cracks  in  several  places. 

869-870.  Eighth  (Ec\uu<'nical  Synod,  held  in  south  aisle 
of  first  rtoor  level  of  St.  So]iliia. 

875±.  Basil  the  Macedonian,  consolidates  the  great 
arch  to  the  west  by  an  additional  thickness. 

975.  A  strong  earthquake  shock  causes  the  western  arch 
of  St.  Sophia  to  totter,  and  to  drag  the  dome  in  its  fall. 

981.   Basil  II.  restores  the  fallen  parts. 

987.  The  ambassadors  of  Wladimir  are  so  dazzled  by  the 
grandeur  of  the  divine   service  iu  St.  Sophia  that  they 
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decide  the  conversion  of  the  Kossian  nation  to  the 
Orthodox  Greek  Church. 

1054.  The  envoys  of  Pope  Leo  IX.  excommunicate  the 
Eastern  Church  on  the  great  altar  of  St.  Sophia. 

1204.  Capture  of  Constantinople  by  the  Crusaders. 
Wanton  profanation  of  the  sanctuary  by  the  soldiery. 
Baldwin,  of  Flanders,  is  crowned  first  Latin  Emperor  of 
Constantinople  in  St.  Sophia,  which  is  converted  into  a 
Eoman  Catholic  church.  The  Te  Deum  resounds  in  the 
dome  for  fifty-seven  years. 

1261.  Constantinople  is  reconquered  by  the  Greeks 
and  St.  Sophia  restored  to  the  Orthodox  faith. 

1317.  Andronicus  Paleolo»os,  the  Elder,  erects  the 
hu^e  buttress  masses  disfiguring  the  outside. 

1346.  Earthquakes.  ColIap.se  of  the  great  eastern  arch 
and  of  all  that  part  of  the  dome  resting  on  it. 

1360±.  Eestoration  of  the  vault  by  John  V.  Paleologos. 

1452.  A  Te  Deum  is  again  sung  in  St.  Sophia,  by  order 
of  the  last  Constantine.  But  this  alienates  the  sympathies 
of  the  people,  who,  from  that  day,  avoid  the  church  as  a 
Jewish  synagogue  or  a  heathen  temple. 


H.I.M.  Sultan  Abdul  Hamid  II.,  after  the  earthquake  of 
1804,  was  to  appoint  a  commission  of  architects  in  order 
to  study  the  damage,  and  to  at  once  order  a  general 
repair.  It  is  only  fair,  therefore,  to  acknowledge  the 
great  debt  of  gratitude  we  owe  to  the  Sultans  of  Turkey 
for  having  preserved  to  the  archaeologist,  practically 
intact,  the  grandest  architectural  conception  the  world 
has  seen. 
I  Desceiption  of  St.  Sophia. 

'  The  following  description  is  a  very  condensed  pri'cis  of 
I  some  of  the  writer's  conclusions  regarding  the  former 
I  condition  of  St.  Sophia.  The  illustrations  are,  of  course, 
invariably  original,  and  rest  on  data  obtained  either  in 
sight  of,  or  within  the  mosque.  For  the  artistic  effects  of 
Figs.  1  and  2,  the  writer  is  indebted  to  his  friend,  Mr. 
Shirley  Fox,  r.b.a.,  whose  valuable  suggestions  have 
been  most  welcome. 

Tlii  Orientation. — This  is  83|°  south  of  east.*  Labarte 
thought!  this  direction  was  given  in  order  to  render  the 
new  edifice  parallel  to  the  already  existing  structures  of 
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fiG.  2. — The  West  Front  of  St.  Sojjhi;i.  toward?  870  i.u. 


1453.  Fall  of  Constantinople.  Mohammed  II.  respects 
St.  Sophia,  which  he  solemnly  dedicates  to  Islam. 

A  few  words  regarding  the  treatment  of  St.  Sophia  by 
the  Turks  would  form  a  fitting  conclusion  to  this  brief 
historical  sketch.  Contrary  to  what  is  generally  believed, 
the  building  did  not  suffer  much  from  its  new  masters. 
The  damage  reduces  itself  to  the  partial  scratching  of  the 
arms  of  some  crosses  in  bas-relief  and  to  the  whitewash 
cover  of  the  majority  of  the  mosaics.  Many  mosaics 
have  been  removed  as  a  measure  of  precaution,  through 
the  cracking  and  precariousness  of  the  mortar  in  which  they 
were  fixed.  This  toleration  for  images  whose  representation 
is  forbidden  by  the  faith  was  attended  with  a  pious  zeal 
towards  the  preservation  of  the  building.  In  1573,  Sultan 
Selim  II.  repaired  the  eastern  arch  ;  in  1847-1849,  Sultan 
Abdul  Mesjid  spent  nearly  a  quarter  of  a  million  sterling 
for  a  general  restoration,  while  the  first  care  of  his  son 


the  Imperial  Palace  of  Constantinople.     The  writer  takes 

*  During  his  star  in  Constantinople  last  summer,  the  writer  found 
that  the  axis  of  St.  Sophia,  as  determined  by  him  from  Kadikoy, 
formed  an  angle  of  127°  with  the  magnetic  north  Messrs. 
Crommelin  and  Xash,  of  the  Royal  Obserratory,  Greenwich,  were 
kind  enough  to  give  him  the  value,  3°  20'  West,  of  the  declination  of 
Constantinople  for  1902.  This  value  has  been  computed  from  a 
German  magnetic  map  of  the  earth  for  188.5  and  cannot  be  trusted  to 
the  minute.     We  thus  have  for  the  orientation — 

127°  —  (90*  -1-  3"  20)  =  33°  40'. 

t  Le  Palais  Imperial  de  Constantinople  ef  ses  Ahords,  p.  18. 
Labarte  commits  a  grave  error  in  affirming  that  "  it  is  very  important 
to  state  that  the  major  axis  of  the  Hippodrome  and  the  major  axis 
of  St.  Sophia  produced,  form  a  right  angle  at  their  intersection." 
This  angle  actiially  has  a  value  of  lO.i,  and  it  is  impossible  to  see 
how  it  could  ever  have  had  another  value.  Labarte's  work  is 
eminently  misleading  ;  but  is  it  not  hard  to  accurately  describe  from 
the  rooms  of  a  western  library,  a  building  1499  miles  off,  and  of 
which  every  trace  has  long  since  disappeared  ? 


Knon-li;dije. 


THE     CHURCH     OF     THE     IMMORTAL     WISDOM. 

Panoramic   View   of  the    Interior   from   the    Stall   of   the    Empress   in   the 
West   Gallery.       Epoch   538    a  D 
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this  to  be  a  very  superficial  view  of  the  question,  as  it  is 
hardly  likely  that  the  orientation  of  such  a  shrine  could 
have  ever  been  subordinated  to  that  of  some  disjointed 
pavilions.  In  their  excellent  work,  published  in  1894, 
Messrs.  Letbaby  and  Swainson  show  a  much  clearer  grasp 
of  the  problem.  "  The  axis  of  the  church,"  they  say, 
"  seems  to  point  somewhere  between  30°  and  35°  south  of 
east,  where  there  is  a  considerable  sea  prospect  and  a  low 
horizon.  This  direction,  either  by  accident  or  intention, 
must  agree  very  closely  with  sunrise  at  the  winter  solstice." 
They  further  call  attention  to  the  fact  that  "  Justinian's 
church  was  opened  at  Christmas."*  These  pregnant 
remarks  lead  to  a  solution  of  the  difficulty.  But  for  this 
it  is  necessary  to  bear  in  mind :  — 

(a)  That  IProcopius  lays  stress  on  the  fact  that  "  the 


original  form  of  the  church  was  more  disappointing  than 
the  present  one.  Evidently,  the  early  Byzantines  attached 
no  great  importance  to  the  exterior  view  of  their  churches. 
Outer  pomp  had  to  be  entirely  subordinated  to  the 
requirements  of  inner  harmony.  All  they  seemed  to  have 
cared  for  was  to  have  roofs  of  easy  access  ;  and  it  was 
doubtless  to  this  end  that  steep  outside  curves  were 
assiduously  discarded.  At  the  same  time,  the  combination 
of  both  outer  and  inner  splendour  in  the  self-same  building 
IS  a  question  which  tbe  mediseval  Greek  architects  did  not 
attempt  to  decide.  Nor  has  the  problem  received  a  satis- 
factory solution  since  their  time. 

The  mortar  which  covers  the  brick  walls  of  St.  Sophia 
is  doubtless  less  attractive  than  the  fine  naked  stone  walls 
of  other   churches.      But  while  rain  and  the   molecular 


Fig.  3. — The  South  Elevation  of  the  Great  Church.      Epoch  :    1300  A.n. 


face  of  the  church  was  directed  towards  the  rising  sun,  in 
order  to  have  the  sacred  mysteries  performed  in  honour 
of  God  "  ; 

(6)  That  33|°  south  of  east  is  the  azimuth  of  the  sun 
having  entirely  risen  above  the  Bithynian  Mountains  at 
Christmas ;  and 

((■)  That  the  church  was  dedicated  to  the  Second  Person 
of  the  Trinity,  the  anniversary  of  whose  birthday  occurred 
very  near  the  winter  solstice. 

The  idea  of  the  33 1°  is  thus  rendei'ed  unmistakably 
clear :  The  sanctuary  was  to  face  the  sun  just  ri.-<vii  on  the 
birthday  of  Christ,  to  ichom   it  was  dedicated. 

Outer  Appearance. — Owing  to  the  unrivalled  audacity  of 
its  construction,  as  well  as  to  the  formidable  thrust  of  its 
dome,  St.  Sophia  could  never  have  been  a  really  graceful 
building  ou  the  outside.  It  is  even  to  be  feared  that, 
through  the  still  greater  flatness  of  the  first  cupola,  the 


S.  Sophia,  Constantinople,  p.  Vi 


work  of  heat  and  frost  tend,  in  the  long  run,  to  decay  any 
stone  exj>osed  to  their  action,  the  mortar,  if  only  carefully 
repaired,  plays  the  part  of  a  barb  against  the  disintegration 
of  the  active  structure  beyond.  That  is  whv  the  walls 
of  St.  Sophia  are  still  young,  though  nearly  fourteen 
centuries  old  ;  and  if  they  failed  on  some  points,  it  is  to 
other  causes,  not  to  exposure,  that  the  failure  ought  to  be 
attributed. 

A  large  cross  stood  at  the  top  of  the  dome.  Indeed, 
this  axiomatic  truth  would  not  have  been  mentioned  here 
were  it  not  to  have  been  questioned  by  Messrs.  Lethaby 
and  Swainson.  "  Salzenberg,"  they  say,  "assumes  from 
Paulus,  that  '  the  dome  was  surmounted  by  a  cross  ' ;  the 
cross  was  of  mosaic  inside."*  The  authors  have  been  led 
into  error  by  a  misinterpretation  of  the  following  verse 
from  the  Sileutiary's  poem  : — 

75.         .  .         .  Axporarijs  tt 

7tl.   Sraupov  vvip  KHpo^rj^  kpuo-ivTOKLV  i'ypa^i  ''■*X'"!> 

*  S.  Sophia,  footnote  to  p.  160. 
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which,  translated  into  English,  becomes  : — 

"  Above  the  highest  summit  art  figured  a  cross,  guardian 
of  the  city." 

Messrs.  Lethaby  and  Swainson  remark  that  "  i'ypa^t 
leaves  no  doubt  that  a  mosaic  cross  on  the  interior  is 
intended."*  It  is  quite  clear,  however,  that  the  expression 
"  ahooe  the  highest  summit "  could  never  apply  to  an 
inner  cross  in  mosaic.  A  real  picture  is  always  on  the 
surface  of  the  material  on  which  it  is  depicted ;  it  can 
neither  be  above  nor  below  that  surface.  Hence  no  mosaic 
cross,  visible  from  the  floor,  could  ever  have  been  above 
the  spherical  surface  on  which  it  was  drawn  ;  it  must 
necessarily  have  been  on  that  surface.  But  in  the  case  of 
a  solid  cross,  erected  on  the  outside,  the  above  is  welcome, 
inasmuch  as  the  cross  then  rises  over  the  outer  surface  of 
the  dome.  These  arguments  render  impossible  the 
meaning  of  painted  to  typx<fie,  as,  in  that  case,  the  painting 
would  have  to  be  effected  on  empty  air,  a  few  feet  above 
the  top  of  the  cupola.  An  English  equivalent  to  /yp«^£, 
applicable  to  a  solid  cross  cast  in  metal,  is  figured  ;  and, 
with  its  adoption,  everything  is  plain  sailing.  Another 
argument,  but  of  an  indirect  bearing  on  the  point  at  issue, 
is  that  a  cross  on  the  dome  of  a  great  cathedral  would 
guard  the  city  somewhat  indifferently  if  painted  in  the 
darkness  of  a  vault.  The  watch  would  be  much  more 
effective  if  the  guardian  could  be  given  a  chance  of  seeing 
what  he  was  guarding,  and  be  seen  from  it ;  the  people 
would  rejoice  in  the  idea  of  seeing  their  palladium  from  a 
distance  in  the  city. 

A  careful  synthesis  of  historical  facts  will  enable  us  to 
undertake  a  fairly  trustworthy  restoration  of  the  outer 
appearance  of  St.  Sophia  at  one  of  the  most  flourishing 
periods  of  Byzantine  history,  at  the  time  of  Basil  the 
Macedonian,  in  the  ninth  century.  Adding  the  bell  tower 
erected  here  in  865  by  the  emperor  Michael  in  order  to 
receive  the  bells  presented  to  him  by  the  Doge  of  Venice, 
and  actually  seen  in  position  by  Grelot  towards  16"9  ; 
restoring  the  steps  of  the  atrium  ;  liberating  the  western 
arch  and  semi-dome  of  their  additional  thicknesses  ;  also 
giving  the  west  wallf  and  the  dome  their  original  appear- 
ance, we  Tmmistakably  launch  on  something  like  Fig.  2, 
where  the  only  weak  point  lies  in  our  ignorance  as  to  tiie 
number  of  arched  openings  piercing  the  atrium  wall  on 
the  west  side.  A  similar  treatment  of  the  south  facade, 
but  for  a  more  recent  date,  led  the  writer  to  the  elevation 
shown  on  Fig.  3.  Apart  from  the  omission  of  the 
buttress  masses  erected  in  1317,  this  elevation  differs 
from  the  present  view  of  the  mosque  in  some  other  par- 
ticulars, such  as  the  saddle  roofs  of  the  little  chambers  at 
the  buttress  tops  ;  the  restoration  of  a  room  at  the  top  of 
the  staircase  on  the  south-east  angle  of  the  great  platform  ; 
and  the  insertion  of  two  buttress  arches  reaching  up  to 
the  windows  of  the  cupola.  It  was  during  the  1847- 
1849  restoration  that  the  roofs  of  the  chambers  were 
rendered  cylindrical ;  that  the  corner  room  and  buttress 
ai-ches  were  removed,  the  office  of  the  latter  being  taken 
advantageously  by  a  double  cincture  of  iron  round  the 
base  of  the  dome. 


*  Ibid,  p.  42,  note. 

t  It  was  thought  safe  to  butti-ess  the  dome  on  the  west  at  an 
unknown  period  ot  the  church's  history,  and  this  was  done  by  length- 
ening radially  thirteen  of  the  piers  between  the  upper  windows. 
But  there  was  not  enough  space  between  the  edge  of  the  central 
western  piers  and  the  edge  of  the  west  wall,  so  that  the  work  entailed 
a  thickening  of  the  latter.  This  thickening  is,  therefore,  not  original, 
and  it  does  not  exist  to  the  east,  so  that  its  representation  in  "original 
forms  "  of  the  church  by  M.  Choisy,  as  well  as  by  Messrs.  Lethaby 
and  Swainson,  is  doubtless  attributable  to  some  sort  of  error. 


THE  CHEMISTRY  OF  THE   STARS. 

I.  — INTRODUCTORY. 

By  A.  FoWLEK,   F.R.A.S. 

It  is  a  striking  fact  that  more  is  known  with  certainty  as 
to  the  substances  which  help  to  build  up  the  sun,  and  the 
still  more  distant  stars,  than  of  the  materials  which  exist 
at  depths  greater  than  a  few  miles  below  the  surface  of 
our  own  planet.  As  to  the  interior  of  the  earth,  we  can 
in  no  way  examine  any  portion  of  it,  and  can  only  speculate 
as  to  what  may  be  there  by  reasoning  from  such  facts  as 
the  known  increase  of  density  as  the  centre  is  approached. 
In  the  case  of  the  heavenly  bodies,  however,  we  have  at  least 
the  advantage  of  being  able  to  see  them,  and  it  is  in  fact 
upon  the  spectroscopic  analysis  of  the  light  which  they 
radiate  into  space  that  our  knowledge  of  their  chemical 
composition  is  founded. 

The  general  principles  involved  in  the  identification  of 
the  substances  composing  the  heavenly  bodies  may  be 
summed  up  in  a  few  words.  An  incandescent  gas  or 
vapour  sends  out  rays  of  light  having  definite  wave- 
lengths, whether  it  be  raised  to  incandescence  in  a  labora- 
tory experiment  or  by  the  conditions  to  which  it  is  sub- 
jected in  sun,  star,  or  nebula ;  so  that  all  that  seems 
necessary  is  to  find  by  trial  which  of  the  substances  open 
to  experiment  emits  rays  corresponding  with  those  of  the 
body  under  investigation.  This  analysis  of  light  is  of 
course  carried  on  by  the  use  of  a  prism  or  diffraction 
grating,  by  which  means  the  rays  are  dispersed  into  their 
component  elementary  waves,  and  as  the  light  is  usually 
first  passed  through  a  narrow  slit,  each  of  these  com- 
ponents is  represented  by  a  "  spectrum  line  ''  of  definite 
colour  and  position.  An  interesting  example  of  this 
process  is  illustrated  by  Fig.  I,  which  shows  how  the 
presence  of  helium  in  Nova  Persei,  at  one  stage  of  its 
history,  was  established  by  comparing  its  spectrum  with 
that  of  helium  enclosed  in  an  ordinary  vacuum  tube,  and 
rendered  luminous  by  electric  discharges.  ,_, 


{To  be  continued.) 


Fia.  I.— Spectrum  of  Nora  Persei,  lltiU,  August  11,  with  Helium 
comparison,  showing  coincidence  of  the  D3  line.    (Lick  Observatory.) 

IJsually,  however,  the  direct  radiations  of  the  substances 
composing  the  heavenly  bodies  cannot  be  observed.  Thus, 
the  light  of  the  sun,  and  of  the  great  majority  of  the 
stars,  exhibits  dark  lines  on  a  coloured  background  when 
analysed  by  the  prism,  but  the  far-reaching  discovery  by 
Kirchhoff  that  incandescent  gases  and  vapours  absorb 
light  of  the  same  wave-lengths  as  they  themselves  emit  at 
the  same  temperature,  shows  that  the  dark  lines  are  just 
as  distinctive  as  the  corresponding  bright  ones,  so  that 
the  chemical  origins  of  dark  lines  may  be  investigated  by 
the  process  of  matching  employed  in  the  case  of  bright 
lines.*  An  example  of  this  is  given  in  Fig.  2,  which 
shows  how  the  presence  of  iron  in  the  sun  is  demonstrated 
by  the  coincidence  of  numerous  dark  solar  lines  with  as 
many  bright  ones  of  the  metal,  the  source  of  light  in 
the  latt<ir  case  being  an  electric  arc  lamp  having  poles 
consisting  of  iron  rods. 

*  A  general  summary  of  the  principles  of  spectrum  analysis,  and 
an  account  of  experiments  illustrating  them,  will  be  found  in  Kxow- 
LEDGE  DiABT  for  the  current  year. 
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It  will  be  seen  that  not  only  is  there  a  coiucideuce  in 
position  of  the  bright  with  dark  lines,  but  also  a  remarkable 
agreement  in  the  intensities  of  the  two  sets  of  lines— 
the  brighter  the  bright  line  the  more  intense  the  dark 
one. 

It  is  quite  evident  that  the  chemistry  of  the  heavenly 
bodies  can  only  be  investigated  by  combining  the  work 
of  the  laboratory  with  that  of  the  observatory.     In  the 


I  to  —1 


Liall  part  of  the  Spectrum  of  the  Sun  compared  with  tliat  of   [ 


laboratory  the  spectrum  of  every  known  substance  must 
first  be  carefully  mapped  out,  and  the  lines  tabulated,  for 
ready  comparison  with  the  spectra  encountered  in  the 
observatory.  In  either  case,  the  most  convenient  mode  of 
procedure  is  to  record  the  spectra  photographically,  as 
in  the  two  illustrations  already  given.  AVhen  a  spectrum 
has  been  once  photographed,  it  can  be  re-examined  at  any 
time  without  further  experimental  preparations,  and  in 
some  cases,  as  in  that  of  Nova  Persei,  a  permanent  record 
is  secured  when  the  opportunity  only  occurs  once.  In 
dealing  with  faint  objects,  the  photographic  method  has 
the  additional  advantage  of  integrating  successive  im- 
pressions, so  as  to  effectively  increase  their  apparent 
brightness,  whereas  the  eye  can  only  take  account  of 
momentary  effects  of  the  rays  of  light,  and  does  not  see  the 
lines  any  brighter  by  continued  observation. 

It  is  scarcely  necessary  to  explain  in  detail  here  the 
methods  employed  in  the  practical  observation  and 
mapping  of  spectra,  but  there  is  one  point  of  fundamental 
importance  upon  which  a  few  remarks  may  not  be  super- 
fluous. Although  experience  may 
render  the  observer  so  familiar  with  4  0 
the  spectra  of  different  substances 
that  he  can  often  identify  lines  by 
mere  inspection,  careful  measurement 
can  usually  alone  give  satisfactory 
results.  It  is  evidently  necessary, 
therefore,  to  adopt  some  system  of 
stating  the  positions  of  the  lines 
by  which  chemical  substances  are 
identified,  which  shall  be  applicable 
to  spectra  observed  with  any  in- 
strument whatsoever,  in  ordcu-  that, 
all  records  may  be  strictly  compar- 
able. 

In  practice,  the  jiositioiis  are  stated 
lengths,  the  number  attached  to  each  line  tlien  repre- 
senting the  length  of  the  waves  of  light  which  produce 
the  Hue.  These  waves  are  excessively  small,  but  they  can 
nevertheless  be  measured  with  great  accuracy  by  the  use 
of  dift'raction  gratings.     They  are  so  small  that  the  most 


0  I  2 


convenient  unit  of  wave-length — often  spoken  of  as  an 
"  Angstrom  Unit " — is  the  ten-millionth  of  a  millimetre, 
or  "  tenth  metre,"  and  in  this  system,  the  visible  spectrum 
ranges  from  about  3930  in  the  violet  to  7600  in  the  red 
end  of  the  spectrum.  Thus,  when  it  is  stated  that  the 
wave-length  of  the  D3  line  of  helium  is  5875'98  it  is 
understood  that  it  is  that  number  of  times  a  ten-millionth 
of  a  millimetre.  It  is  not  necessaiy,  however,  to  directly 
determine  a  wave-length  every  time 
3  that   an   observation   is    made,   and 

5  indeed   this    cannot   be   done    when 

5  a    prismatic     spectroscope     is     em- 

ployed, as  is  most  frequently  the 
case.  Certain  standard  wave-lengths 
have  been  carefully  measured,  and 
it  is  usual  to  determine  any  required 
wave-length  'from  these  either  by 
inspection  or  by  interpolation.  The 
most  generally  useful  of  these 
reference  lines  are  those  given  in 
Rowland's  "  Tables  of  Solar  Wave- 
lengths,"* which  state  with  great 
accuracy  the  wave-lengths  of  many 
thousands  of  the  dark  lines  which 
appear  in  the  spectrum  of  the  sun 
or  daylight.  In  addition  to  the 
Tables,  Prof.  Rowland  published  a 
photographic  map  having  a  scale 
by  which  the  wave-lengths  can  be 
read  off  directly  with  considerable  accuracy.  Rowland's 
map  is  said  to  be  a  "  normal  "  one,  for  the  reason 
that  equal  distances  on  the  map  correspond  to  equal 
differences  of  wave-length,  which  is  not  the  case 
with  prismatic  spectra.  A  small  portion  of  this  map, 
corresponding  in  part  with  the  photograph  in  Fig.  '2,  is 
reproduced  in  Fig.  3,  and  by  comparing  the  two  it  will  be 
seen  that,  although  the  photographs  are  not  on  the  same 
scale,  the  wave-length  of  any  required  line,  brisjht  or  dark, 
in  Fig.  2  may  be  read  off  by  the  scale  in  Fig.  3.  For 
example,  the  three  very  strong  lines  of  iron,  forming  a 
"  triplet,"  near  the  left  of  Fig.  2  are  clearlv  identical  with 
the  lines  4045-98,  4063-76,  and  4071-91  in  the  solar  map. 
Having  a  complete  set  of  such  maps,  it  is  evidently  an 
easy  method  of  obtaining  wave-lengths  to  photograph  the 
spectrum  of  sunlight  alongside  that  of  the  spectrum  under 
examination.  Sometimes,  however,  it  is  more  convenient 
to  use  the  spectrum  of  iron  as  a  comparison,  in  which 
case  reference  might  be  made  to  the  admirable  wave- 
length map  of  this  spectrum  published  by  Messrs.  Kaysor 
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A.  portion  of  the  Solar  Spectrum,  with   Wavo-longtli  Scale.     (Rowlaml.) 


>u  a  scale 


of  Wiive- 


aud  Ruuge.t 

When  110  comparison  spectrum  has  been  photographed 
in  juxtaposition  with  that  under  investigation,  and  this  is 

•  PubUshed  by  the  University  ot  Chie&go  Press,  1896. 
+  All/,,  d.  Akad.  d.  M'i.is.  zu  Berlin,  1888. 
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not  always  possible,  the  wave-lengths  of  the  lines  cannot 
be  detennined  unless  some  of  them  are  recognisable  by 
their  peculiar  f^roupiugs,  or  otherwise.  In  this  case  the 
previous  method  may  sometimes  be  used  by  superjwsiug  a 
solar  spectrum  jihotographed  with  the  same  instrument, 
or  the  wave-lengths  may  be  determined  by  measurement 
of  the  photograph,  basing  the  results  on  the  lines  which 
can  be  idonf  ified  at  sight.  One  mode  of  reduction  may  be 
illustnitfd  by  (he  use  of  Figs.  2  and  3.  Suppose  a  finely- 
dividcil  scale,  say  a  rule  divided  to  hundredths  of  an  inch, 
to  be  laid  on  the  bright-line  spectrum  in  Fig.  2,  the 
triplet  of  iron  lines  having  already  been  identified  in  Fig.  3. 
Now  read  the  positions  of  the.se  three  lines  on  the  scale, 
and  those  of  any  other  bright  lines  for  which  wave-lengths 
may  be  sought.  Call  the  first  three  readings  f  j,  jo,  s^,  and 
the  corresponding  wave-lengths  Aj,  A^,,  X.,,  and  solve  the 

equation  C 

'  X  =  A„  -I 

S  -  So 
so  as  to  determine  X„.  C,  and  j„,  by  first  forming  three 
(iquations  in  which  X  and  9  have  corresponding  values. 
Then,  by  using  these  constants,  the  wave-length  corre- 
sponding to  any  other  value  of  s  may  be  readily  calculated. 
This  formula  for  the  calculation  of  wave-lengths  from 
prismatic  spectra  was  first  suggested  by  the  late  Prof. 
Cornu,  but  has  lately  become  more  widely  known  and 
adopted  through  its  re-introduction  by  D.r.  Hartmann.  It 
is  the  equation  to  a  rectangular  hyperbola  with  respect  to 
axes  parallel  to  the  asymptotes,  A„  and  Sg  being  the  co- 
ordinates of  the  intersection  of  the  asymptotes,  and  is 
based  on  the  supposition  that  this  curve  is  at  least  very 
nearly  identical  with  the  curve  of  dispersion  of  a  prism. 
The  measurements  of  the  photograph  must,  of  course,  be 
made  with  the  greatest  possible  accuracy,  for  which 
purpose  a  stage  micrometer  is  usually  employed. 

It  is  by  methods  such  as  these  that  the  tables  of  wave- 
lengths of  lines  in  terrestrial  sjsectra,  which  are  indispen- 
sable in  attempts  to  identify  the  chemical  constituents  of 
the  heavenly  bodies,  have  been  prepared.  A  very  great 
service  has  been  rendered  to  all  engaged  in  spectroscopic 
work  by  Ur.  Marshall  Watts,  who  has  brought  together 
all  the  tables  of  wave-lengths  which  are  scattered  through 
the  numerous  scientific  publications.* 

In  making  use  of  such  tables  for  the  purpose  of  identi- 
fying lines  met  with  in  astrophysical  investigations,  special 
attention  has  to  be  given  to  the  fact  that  in  numerous 
cases  the  spectrum  of  a  terrestrial  substance  varies  very 
considerably  with  the  conditions  of  experiment.  The 
spectra  of  metals,  for  example,  may  be  studied  by  vola- 
tilising them  either  in  the  oxyhydrogen  flame,  the  electric 
arc  or  electric  spark,  and  very  often  great  diiierences  in 
the  spectra  are  noted.  Magnesium  furnishes  an  interesting 
example.     As  will  be  seen  from  Fig.  4,  the  arc  spectrum 


Fig.   4. — (1)  Arc,  (2)  Spark,  Spectra  of  Magnesium. 

shows  several  strong  lines,  most  of  which  also  appear  iu 
the  spark  spectrum,  but  the  latter  shows,  in  addition,  a 


*  "  Index   of    Spectra,"  and    Appendices.       Published    by    Abel 
Haywood. 


strong  line  at  wave-length  4481'3,  a  line  belonging  to  the 
class  called  "  enhanced  lines "  by  Sir  Norman  Lockyer, 
since  its  intensity  is  increased  in  passing  from  the  arc  to 
the  spark  spectrum.  On  investigating  the  evidence  as  to 
magnesium  in  the  solar  spectrum,  it  is  found  that  while 
the  arc  lines  are  there  represented,  the  enhanced  line  is 
conspicuously  absent.  But  if  a  similar  comparison  be 
made  with  the  spectrum  of  Sirius,  the  line  at  44sr3  is 
seen  to  be  one  of  the  strongest  in  the  spectrum,  while  only 
the  stronger  of  the  arc  lines  are  at  all  represented.  It  is 
quite  clear  then,  that  comparisons  must  not,  be  limited  to 
spectra  produced  under  one  set  of  experimental  conditions. 
At  times  it  is  evtm  necessary  to  go  beyond  our  experi- 
mental resources  to  identify  the  lines  met  with  in  some  of 
the  stars,  and  by  supposing  continuity  of  change  tr}'  to 
define  what  the  spectrum  of  a  substance  would  be  when 
subjected  to  temperatures  greater  than  any  at  the 
command  of  the  laboratory  worker.  Thus,  in  the  sijectra 
of  such  stars  as  Kigel,  there  is  a  line  which  appears  to 
agree  perfectly  in  position  with  the  above-mentioned 
spark  line  of  magnesium,  but  as  no  other  lines  of 
magnesium  are  certainly  present,  it  is  necessary  to 
suppose  that  the  change,  partially  effected  when  the  spark 
is  substituted  for  the  arc,  is  completed  by  the  higher 
temjjerature  of  the  star. 


THE    PATH    OF    THE    MOON.-I. 

By   A.   C.   D.   Crommelin. 

The  subject  of  the  Moon's  motion  is  a  frequent  source  of 
perplexity  to  students  of  astronomy  ;  they  meet  with 
statements  in  text-books  which  at  first  sight  seem  incom- 
patible with  one  another,  and  are  unable  to  reconcile 
them.  The  key  to  the  solution  of  these  difficulties  lies  in 
a  perception  of  the  fact  that  all  our  ideas  of  motion  are 
essentially  relative.  If  we  picture  to  ourselves  one  solitary 
orb  in  boundless  space,  the  statements  that  it  is  at  rest  or 
in  motion  are  alike  meaningless  to  us.  We  must  have 
some  point  of  reference  to  enable  us  to  estimate  any 
change  in  its  position,  and  this  at  once  introduces  the 
conception  of  relative  motion.  Thus  in  discussing  the 
motion  of  the  Sun  and  its  attendant  planets  through 
space  we  make  the  assumption  that  the  group  of  stars 
around  us  has  on  the  whole  no  tendency  to  move  in  one 
direction  rather  than  another.  We  thus  take  the  centre 
of  mean  position  of  the  group  of  stars  as  a  fixed  point,  and 
deduce  the  Sun's  motion  relatively  to  it.  Hence  different 
groups  of  stars  may  (and  do)  give  different  results  for 
the  solar  motion,  which  simply  implies  that  the  one  group 
is  not  at  rest  relatively  to  the  other  group.  So  in  the 
case  of  the  Moon  our  ideas  of  its  path  depend  entirely  on 
the  point  that  we  select  as  our  point  of  reference  ;  there 
are  two  points  that  naturally  suggest  themselves,  viz.,  (1) 
the  Earth,  (2)  the  Sun.  The  apparent  contradictions  that 
were  alluded  to  above  arise  from  the  fact  that  some  of  the 
statements  refer  to  her  geocentric,  others  to  her  helio- 
centric path. 

Consider  the  case  of  a  man  walking  round  and  round 
the  mast  of  a  ship,  always  keeping  at  the  same  distance 
from  the  mast.  Then  it  is  a  perfectly  legitimate  statement 
that  his  path  on  the  deck  is  a  circle  described  with  uniform 
speed.  The  words  m  italics  are  sufiicient  to  qualify  the 
statement  and  to  indicate  the  origin  from  which  the 
motion  is  reckoned. 

On  the  other  hand  it  is  an  equally  legitimate  statement 
that  his  path  on.  the  sea  is  an  undulating  or  wave-like 
curve,  described  with  variable  speed,  greatest  when  he  is 
walking  towards  the  bow,  least  when  towards  the  stern. 

We  can  get  a  good  representation  of  the  Moon's  path 
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round  the  Sun  by  supposing  the  man  to  describe  a  circle 
of  fourteen  feet  radius  in  fifty-nine  seconds,  while  the  ship 
is  describing  a  circle  of  one  mile  radius  about  a  light- 
house, or  other  fixed  point  in  the  sea,  in  twelve  minutes 
ten  seconds.  Then  the  man's  path  an  the  deck  will  corre- 
spond to  the  Moon's  path  round  tlie  Earth,  and  his  path 
on  the  sea  to  that  round  the  Sun.  Two  spconds  in  the 
model  correspond  to  one  day  in  nature,  while  one  mile 
corresponds  to  93,000,000  miles. 

We  shall  first  discuss  the  nature  of  the  resultant  path 
on  the  assumption  that  the  orbits  of  the  Moon  round  the 
Earth  and  of  the  Earth  round  the  Sun  are  circles  in  the 


Fio.   1. — Tlie  Curvature  of  the  Moon's  rath 

same  plane  described  with  uniform  speed,  and  then  pass 
on  to  a  more  accurate  description  of  the  nature  of  the 
Moon's  path  round  the  Earth,  indicating  a  few  of  the  many 
different  ways  in  which  it  differs  from  uniform  circular 
motion. 

There  is  a  whole  class  of  curves,  known  as  trochoids, 
described  by  points  that  move  uniformly  in  a  circle,  whose 
centre  moves  uniformly  in  another  circle  in  the  same 
plane.  As  all  the  motions  of  rotation  and  revolution  in 
tlie  planetary  system  (excepting  the  satellites  and  pro- 
bably the  rotations  of  Uranus  and  Neptune)  take  place  in 
the  same  direction,  we  shall  only  consider  the  case  where 
the  motion  in  the  two  circles  is  in  the  same  direction. 
The  resulting  curves  may  be  divided  into  the  following 
five  groups :  — 

(1)  Those  that  are  wholly  concave  to  tlie  centre  of  the 
larger  circle. 

(:2)  Those  that  are  just  straight  at  points  corresponding 
to  New  Moon  and  concave  elsewhere. 

(3)  Those  that  are  partly  concave  and  partly  convex  to 
the  centre  of  the  larger  circle,  the  two  regions  being 
sopai-ated  by  "^loints  of  inflexion"  where  the  curve  is 
straight  for  a  small  space. 

(4)  Those  where  the  points  of  intlexiou  coalesce  in  pairs 
and  form  cusps. 

(5)  Looped  paths  ;  these  occur  when  the  linear  velocity 
of  the  i>oint  in  the  small  circle  exceeds  that  of  its  centre 
in  the  largo  circle. 

Representatives  of  all  these  types,  except  the  second, 
are  to  be  found  in  the  solar  system. 

Our  Moon  is  the  solitary  example  of  the  first  type,  the 
only  case  in  which  the  Sun's  attraction  exceeds  the  attrac- 
tion of  the  primary. 

I'iiobos,  Deimos,  Ganymede,  Callisto,  Kliea,  Titan. 
Hyperion,  and  Japetus,  belong  to  typo  (3). 

Europa  and  Dione  at  certain  times  conform  exactly  to 
type  (4),  and  come  to  rest  at  New  Moon.  At  other 
times  they  belong  alternately  to  (3)  or  (.i). 


lo,  Jupiter's  Satellite  V,  Tethys,  Enceladus,  and  Mimas 
belong  to  type  (5). 

The  circumstances  of  Jupiter's  satellites  have  been 
investigated  by  Mr.  C.  T  Whitmell  in  the  Journal  of 
the  Leeds  Astronomical  Society,  1901,  page  98.  His 
diagram  is  reproduced  by  permission  from  that  paper. 
The  path  of  II.  Europa,  when  it  conforms  exactly  to  type 
(4),  is  an  epicycloid,  or  figure  traced  by  a  point  on  the 
rim  of  a  wheel  which  rolls  without  slipping  round  the 
outside  of  a  fixed  wheel.  When  the  fixed  wheel  is  of 
infinite  size,  that  is  when  it  becomes  a  straight  line,  the 
epicycloid  becomes  a  cycloid ;  and  this  is  practically  the 
case  with  Europa,  since  the  path  of  Jupiter  r<3und  the 
Sun  is  so  enormous  compared  with  the  path  of  Europa 
round  Jupiter.  It  only  differs  from  curve  II.  on  the 
diagram  by  having  a  cusp  at  N  instead  of  the  small  looj". 

It  is  not  difficult  to  prove  by  elementary  methods  that 
the  path  of  the  Moon  is  everywliere  concave  to  the  Sun. 
This  will  clearly  be  the  case  if  the  fall  of  the  Earth 
towards  the  Sun  in  a  given  time  (say  one  hour)  exceeds 
the  fall  of  the  Moon  towards  the  Earth  in  the  same  time. 
The  word  "  fall  "  here  means  the  amount  by  which  the 
body  is  bent  away  from  the  tangent  to  its  path  by  the 
action  of  the  attracting  body  in  the  centre.  Thus,  let 
QPRD  be  the  Moon's  circular  path  round  the  Earth,  C,  in 
the  centre ;  P,  the  Moon's  position  at  any  selected  time, 
and  PT  the  tangent  to  her  path  at  this  time.  QR  are 
her  positions  one  hour  earlier  and  one  hour  later,  the 
distance  QP,  PR  being  greatly  exaggerated  for  clearness. 

Then,  clearly,  if  QR  cuts  PC  in  M,  QM  =  RM,  and  the 
fall  of  the  Moon  in  one  hour  =  TR  =  PM. 

Now  by  Euclid  (III,  3-5)  PM.MD  =  RM.MQ  =  RM^. 
Now  since  the  distance  PR  is  such  a  small  jmrt  of  the 
circumference,  RM  is  sensibly  equal  to  PR,  and  MD  is 
sensibly  equal  to  PD.     Hence  we  have  PM.PD  —  PR-, 

Now  PD  =  238,818  x  2  miles. 

Also  the  circumference   =  PD  x  3141(j  and  the  time 
taken  to  describe  circumference  =  273216  x  24  hours, 
circumference  PD  x  31416 


Whence  PR  = 


And  PM  =  PD  X 


27-3216  X  24  27  3216  x  24 

1 3-1416         y- 

\  27-3216  X    24  1   ■ 

by    logarithms   we   find  that  PM  = 


Working   this   out 
10-9G4  miles. 

We  can  find  the  fall  of  the  Earth  towards  the  Sun  in 
one  hour  by  exactly  similar  reasoning.' 

PD  is  now  equal  to  92,885,400  x  2  miles ;  also  instead 
of  27-3216  we  now  write  365-2564,  being  the  number  of 
days  in  the  year. 

Whence  fall  of  Earth  towards  Sun  in  one  hour 

=  92.885.400      -        *  ^'^"^^'^  '' 


=  23-859  miles. 


365-2564  x  24 


We  see  from  this  that  the  fall  of  the  Earth  towards  the 
Sun  in  one  hour  is  considerably  more  than  double  that 
of  the  Moon  towards  the  Earth.  It  follows  that  the 
resultant  fall  of  tlie  Aloon  is  always  towards  the  Sun,  and 
consequently  that  her  jjath  is  everywhere  concave  towai-ds 
him.  Tiie  concavity  is,  however,  very  much  greater  at 
Full  INloon  than  at  New;  for  in  the  first  case  the  total  fall 
towards  the  Sun  in  an  hour  is  23-859  -f  10-964  miles 
=  31-823;  in  the  second  case  it  is  23  859  — 10-964 
=  12-895,  or  little  more  than  one-third  of  the  first  result. 

The  resultant  velocity  iu  miles  per  hour  is 

66576-08  -t-'2288-38  =  68864-46  at  Full  Moon. 
66576-08  -  2288-38  =  (54287-70  at  Now  Moon. 
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We  van   now  apjilv  the  formula  found   above,   viz. — 

"  PM  =  If 
PD, 

to  tiud  the  diameter  of  the  path  of   the  Moon  at  I'ull, 

treated  as  jiart  of  a  circle. 

For,  clearly.  PM    —  resultant  fall  towards  Sun  in  an 

hour  =-  ol-823  ;  also  PR  =  resultant  velocity   per  hour 

=  68864-46. 


(68864-46;= 


34-823 


miles. 


Whence  PD  =  diameter  of  path  —  - 
And  the  radius  of  path  is  half  this,  or  68,091,700  miles. 


But  the  Sun  at   this   distance   makes  the  Earth   fall 
23-859  miles  in  an  hour.     And  since  the  distances  have 
been  made  the  same,  the  falls    are  jiroportional   to  the 
masses  of  the  attracting  bodies. 
Whence 

Mass  of  Sun  _     23-859    ,,     f  9-2,885,400  |  ■' 

\     238,? 


10-964 


1,818 


Mass  of  Earth  +  Moon 
=  329,200. 

The  other  result  is  to  find  at  what  distance  from  the 
Earth  the  Moon  -would  have  to  be  for  her  jjath  round  the 
Sun  to  be  just  straight    (neither  concave  nor  convex)  at 


THE    PATHS   OF   JUPITER'S   MOONS 
DRAWM   B\      C  T  VVHITMEU- 


^>.^^^., 


"^^ 


O/- 


■^O/v 


^'«^^-.  ^ 


^^- 


.fiC.X. 


<f^- 


=  160,252,500  miles. 


In  a  similar  manner  we  find  that  the  radius  of  the  path 
of  the  Moon  at  New,  treated  as  part  of  a  circle,  is 
(64287-70) »   __ 
2x12  895 

It  is  fairlv  evident  that  these  are  the  regions  of 
maximum  and  minimum  concavity,  and  that  the  radius  of 
the  path  -will  gradually  increase  as  we  pass  from  Full 
Moon  to  New. 

Before  passing  on  from  these  figures,  we  shall  indicate 
two  other  interesting  results  connected  with  them. 

First  we  can  obtain  the  mass  of  the  Sun  comjiared  with 
the  combined  mass  of  the  Earth  and  Moon.  Suppose 
the  Moon  were  moved  to  a  distance  from  the  Earth  equal 
to  the  Sun's  distance,  then  her  fall  towards  the  Earth  in 
an  hour  would  be 

(238,818      ") 
(  92385,400   1 
since  it  is  inversely  proportional  to  the    square   of   the 
distance. 


10-964 


miles 


New  Moon  (type  (2)  given  above). 

This  will  clearly  be  the  case  if  the  fall  of  the  Moon 
towards  the  Earth  in  one  hour  is  exactly  equal  to  the  fall 
of  the  Earth  towards  the  Sun ;  i.e.,  we  must  make  the 
former  fall  equal  to  23859  miles.  But  this  fall  varies 
inversely  as  the  square  of  the  distance. 

jEequn-ed  distance")  -'   10964 


Hence 


238,818 


i 


23-859 


Whence  the  reipiired  distance  =  161,889  miles. 

This  distance  is  lilcewise  the  radius  of  the  sjihere  over 
w  hich  the  Earth  holds  supreme  sway  ;  at  its  boundary  the 
attractions  of  the  Earth  and  Sun  are  equal,  while  within 
it  the  Earth's  attraction  exceeds  that  of  any  other  body. 
All  satelUtes,  except  our  Moon,  lie  within  the  sphere  over 
which  their  Primary  rules  supreme  ;  this  is  the  reason 
why  their  paths  in  all  cases  belong  to  types  (3),  (4), 
or  (5)  given  above. 

The  reader  acquainted  with  the  geometry  of  curves  of 
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higher  orders  will  see  that  the  New  Moon  point  on  the 
furve  of  type  (2)  is  a  point  not  of  inflexion  but  of  undula- 
tion, since  the  tangent  here  does  not  cross  the  curve  at 
the  point,  as  the  tangent  at  a  point  of  inflexion  does.  The 
tangent  here  coincides  with  the  curve  in  four  points,  not 
in  three,  so  that  the  departure  of  the  curve  from  a  straiglit 
line  in  the  neighbourhood  of  the  point  is  quite  insensible. 
The  path  of  an  imaginary  satellite  conforming  to  this 
type  is  shown  on  the  diagram. 

We  shall  now  indicate  the  manner  in  which  the  path  of 
the  Moon,  or  those  of  the  other  satellites,  may  readily  be 
drawn.  The  scale  should  be  taken  as  large  as  possible, 
and  it  is  impossible  to  give  the  entire  curve  in  the  case 
of  the  Moon  on  a  diagram  of  reasonable  size ;  it  is, 
however,  sufficient  to  trace  the  curve  from  Full  to 
New,  the  rest  of  it  being  composed  of  simple  repeti- 
tions of  this  portion  turned  alternately  backwards  and 
forwards. 

For  a  representation  of  the  Moon's  path  from  Full  to 
New  in  the  pages  of  Knowledge,  we  are  restricted  to  a 
scale  of  7  inches  for  15"  of  the  Earth's  orbit.  This  gives 
us  as  our  maximum  available  scale  one-fourteenth  inch  for 


Fia.   .3.— The   Variation   Oval. 
O  =  Mean  Moon.     •  =  Moon  affected  by  variation. 

the  Moon's  distance  from  the  Earth,  and  28'4  inches  for  the 
Earth's  distance  from  the  Sun.  We  therefore  draw  an  arc 
of  a  circle  with  this  radius,  and  take  a  point  E  on  the  arc 
as  the  Earth's  jiosition  at  Full  Moon.  The  Moon  is  then 
at  F  on  the  radius  produced.  The  time  from  Full  to  New 
Moon  is  half  of  29-5306  days,  or  147653  days,  in  which 
time  the  Earth  moves  through  14°  33i'.  Her  perpendicular 
distance  from  the  initial  radius  is  then  7  12  inches,  which 
determines  E"  her  position  at  New  Moon.  The  Moon  is 
then  at  N  on  the  radius  through  E".  The  Moon's  path  at 
Full  and  New  Moon  approximates  to  small  circular  arcs 
with  radii  208  and  489  inches  respectively,  these  corre- 
sponding to  the  radii  found  above.  Further,  at  last  Quarter 
we  place  the  Moon  at  L  on  the  Earth's  orbit,  one-fourteenth 
inch  ahead  of  E',  the  middle  point  of  the  ai-c  EE". 
For  convenience  of  subdivision  the  arc  EE"  is  divided  into 
12  portions,  each  described  in  about  Ij  days.  The  dots 
representing  the  Moon  are  placed  at  a  constant  distance 
from  those  representing  the  Earth,  and  revolving  round 
it  with  imiform  angular  velocity.  The  dotted  curve 
representing  the  Moon's  motion  round  the  Sun  can 
then  be  drawn,  and  it  will  he  seen  that  it  is  concave  to 
the  Sun  at  N,  though  much  more  nearly  straight  here 
than  at  F. 


Hcttcr. 


[The  Editors  do  not  hold  themselves   responsible   for   the   opinions 
or   statements   of   correspondents.] 

THE    SOLAR    DISTURBANCES   OF    SEPTEMBER, 
OCTOBER    AND    NOVEMBER,    1902. 

TO    THE    EDITORS    OF    KNOWLEDGE. 

Sirs, — From  a  study  of  the  great  solar  outburst  of  last 
September  and  the  subsequent  disturbances  of  October 
and  November,  I  have  been  led  to  observe  certain  curious 
coincidences— to  use  no  stronger  term — in  regard  to  the 
position  of  some  of  these  disturbances  and  the  order  of 
their  appearance  on  the  solar  disc.  Thus  the  September 
outburst,  which  consisted  of  a  chain  of  disturbances  lying 
pi'actically  along  a  meridian,  and'  extending  from  a  high 
south  latitude  into  the  equatorial  zone  of  the  northern 
hemisphere,  was  followed  early  in  October  by  a  group  of 
spots  in  the  nor/hern  hemisphere  and  at  a  distance  in 
longitude  of  about  180".  Now  allowing  an  apparent  or 
synodic  rotation  period  of  26J  days  to  the  latter  gro\ip 
and  27  days  to  the  most  important  portion  of  the  former, 
situated  about  south  latitude  24",  we  find  that  October 
and  November  gave  us  repetitions  of  the  above  pheno- 
mena in  a  portion  of  the  disturbed  area,  and  that  each 
recrudescence  appeared  to  affect  a  portion  of  the  opposite 
hemisphere  situated  at  the  extremity  of  a  diameter.  The 
same  rule  also  held  good  in  regard  to  a  group  of  facula* 
independent  of  the  above,  and  which,  appearing  toward 
the  end  of  October  in  the  southern  hemisphere,  had  its 
vis-d-i'is  in  November  in  the  northern  hemisphere. 

If  these  facts  be  something  more  than  mere  coinci- 
dences, do  they  not  suggest  the  conclusion  that  in  the 
displays  of  the  last  three  months  we  were  viewing  some 
of  the  effects  of  eruptions  ileeply  seated  and  powerful 
enough  to  shake  the  whole  body  of  the  sun,  and  to  cause 
great  waves  to  converge  at  their  antipodes,  and  to  excite 
other  eruptions  in  turn  ? 

Moneybroom,  Lisburn,  John  M.  Harc 

16th  December,  1902. 


Astronomical. — In  his  work  on  the  nebuliB,  Sir  William 
Herschel  recorded  the  positions  of  fifty-two  supj)0sed 
extensive  regions  of  diffused  nebulosity.  Recognising  the 
great  importance  of  these  in  considerations  relating  to  the 
structure  of  the  universe.  Dr.  Isaac  Robei-ts  has  made  a 
careful  photographic  investigation  of  the  regions  in 
question,  with  the  remarkable  result  that  in  only  four  of 
them  has  any  nebulosity  been  found,  although  the  photo- 
graphs show  stars  as  faint  as  17th  magnitude.  One  of 
these  four,  branching  out  from  s  Orionis,  is  of  peculiar 
interest. 

The  interesting  suggestion  made  by  Sir  David  Gill  a 
few  mouths  ago,  to  the  effect  that  the  brighter  stars,  as  a 
whole,  appear  to  have  a  motion  of  rotation  with  respect  to 
the  fainter  stars,  has  been  tested  at  Oxford  by  Prof. 
Turner.  A  relative  motion  similar  to  that  described  by 
Sir  David  Gill,  anil  equal  in  magnitude,  was  indicat<?d  by 
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a  comparison  of  photographs  taken  in  1892  and  1!HI2,  but 
the  motion  was  in  a  contrary  direction.  It  is  not  impossible, 
however,  to  reconcile  these  seemingly  opposed  results. — 

Botanical. — The  last  volume  of  the  Annales  du  Janlin 
Botanique  de  Buitenzorg  contains  a  paper  by  Prof.  O. 
Penzig  on  the  Hora  of  Krakatoa.  This,  and  a  paper 
published  by  Dr.  Treub  in  the  seventh  volume  of  the 
Annales,  are  especially  interesting  as  throwing  some  light 
on  the  question  of  the  origin  of  insular  floras.  Krakatoa 
lost  all  its  vegetation  in  the  terrible  volcanic  eruption  of 
August,  1883,  which  covered  the  island  to  a  depth  varying 
from  one  to  sixty  metres  with  a  bed  of  red-hot  ashes  and 
pumice-stone.  Its  appearance  afterwards,  according  to 
Dr.  Treub,  was  that  of  a  mountain  isolated  in  the  sea, 
rising  with  almost  perpendicular  sides  to  a  height  of  2-500 
feet.  The  island,  which  is  21  miles  from  Java  and  20 
from  Sumatra,  was  visited  by  Dr.  Treub  in  188(3.  He 
found  it  uninhabited,  and  not  easily  accessible.  On  the 
narrow  beach  he  found  fruits  or  seeds  of  7  species  of 
phanerogams,  and  young  plants  of  9  species,  all  the  latter, 
excepting  one  grass  (Gijrnnothrie  elegans),  being  the  usual 
littoral  plants  of  tropical  islands.  lu  the  interior  the 
vegetation  was  quite  different — ferns,  both  in  the  number 
of  species  and  individuals,  predominating.  Dr.  Treub 
concluded  that  ferus  in  such  a  flora  precede  and  prepare 
the  soil  for  a  phanerogamic  vegetation.  Their  minute 
spores  would  be  brought  long  distances  by  the  wind,  but 
it  was  remarkable  that  these  would  germinate  and  develop 
into  plants  on  the  intensely  arid  soil  of  Krakatoa.  A 
close  examimition  of  the  ashes  and  pumice-stone,  how- 
ever, revealed  the  presence  almost  everywhere  of  Algse 
(Cyanophycese),  coating  the  soil  with  a  thin  gelatinous 
layer  in  which  the  fern-spores  would  find  a  suitable  place 
for  germination.  Besides  lower  cryptogams.  Dr.  Treub 
found,  in  1886,  15  phanerogams  and  11  ferns.  Prof. 
Penzig's  ])aper  records  a  visit  to  the  island  in  1897,  made 
by  himself.  Dr.  Treub,  and  other  botanists.  The  flora 
consisted  at  that  time  of  62  species  (.50  phanerogams  and 
12  vascular  cryptogams)  belonging  to  24  orders.  1  he 
ferns  still  predominated  in  the  interior,  and  several  species 
of  tall  grasses  formed  a  striking  feature  of  the  vegetation. 
Seeds  or  fruits  of  30  species  were  found  on  the  beach,  and 
here  and  there  seedling  plants,  showing  that  the  seeds 
were  capable  of  germination.  Of  the  -53  phanerogams. 
Prof.  Penzig  estimates  that  17  were  introduced  by  the 
agenev  of  the  wind,  32  bv  water,  and  4  bv  birds. — S.  A.  S. 


Zoological. — In  a  paper  on  the  larvae  of  the  various 
species  of  eel,  published  in  the  Transactions  of  the  Ameri- 
can Philosophical  Society,  Mr.  C.  H.  Eigenmann  discusses 
the  question  whether  these  fishes  ever  breed  in  fresh  water. 
Till  eggs  are  actually  taken  in  lakes  the  question  must 
remain  suh  judice,  for,  as  the  author  very  pertinently 
remarks,  the  fact  that  eels  are  found  in  land-locked  basins 
cannot  be  regarded  as  an  absolute  proof  that  thev  breed 
there,  although  it  is  difficult  to  see  how  they  can  continue 
to  exist  in  such  situations  without  doing  so. 

A  small  fish  from  the  rivers  of  West  Africa,  measuring 
about  three  inches  in  length,  and  jjrovided  with  elongated 
pectoral  fins,  is  in  the  habit  of  taking  aerial  flightsaffer 
the  fashion  of  the  true  flying  fish  and  flying  gurnards. 
This  fish  {Pantodon  buchohi)  is  the  only  freshwater 
species  known  to  possess  powers  of  this  nature.  Although 
allied  to  the  Osteoglossidie,  it  is  regarded  as  the  repre- 
sentative of  a  special  family — the  Pantodontidw.  A 
reproduction  of  a  photograph  of  this  remarkable  fish  has 
been  recently  published  by  Mr.  G.  A.  Boulenger  in  The 
Field.     In  the  same  journal  that  gentleman  describes  an 


unusually  large  kind  of  tadpole  from  South  Africa, 
measuring  five  inches  in  length.  Here  we  may  take  the 
opportunity  of  correcting  an  error  in  our  December 
"  Notes "  column,  where  the  original  description  of  the 
marine  representative  of  the  genus  Galaxiag  was  accredited 
to  Mr.  Boulenger  instead  of  to  Captain  Hutton.  The 
specimen  on  which  the  determination  is  based  was  found 
in  the  mouth  of  a  larger  fish  taken  off  Auckland. 

An  important  memoir  on  the  true  seals  of  the  North 
Pacific  and  Bering  Sea  has  been  recently  published  by 
Dr.  J.  A.  Allen  in  the  BuUetin  of  the  American  Museum. 
Perhaps  the  most  generally  interesting  portion  of  this 
communication  relates  to  the  difference  between  the 
dentition  of  the  male  and  female  of  the  common  seal. 
In  the  latter  sex  the  teeth  are  much  smaller  than  those  of 
the  male,  and  are  inserted  more  obliquely  in  the  jaw ; 
they  also  differ  by  the  reduction  in  the  size  and  number  of 
the  accessory  cusps,  which  are  almost  invariably  absent  on 
the  inner  side.  The  author  recognises  a  considerable 
number  of  species  of  Pacific  seals,  some  of  which  might, 
however,  be  regarded  by  other  naturalists  rather  in  the 
light  of  local  races. 

In  a  communication  recently  published  in  the  Revista  of 
the  La  Plata  Museum,  Dr.  E.  Lehmann-Nitsche  doubts 
the  possibility  of  the  survival  in  South  America  of  the 
Patagonian  ground-sloth,  of  which  the  remains  were  found 
in  such  fresh  condition  in  the  weU-known  cavern  at  Ultima 
Esperanza.  He  believes  the  reports  of  its  existence  at 
the  present  day  to  be  based  on  other  animals — notably 
the  otter.  In  the  same  journal.  Dr.  S.  Both  describes  the 
remains  of  other  mammals  found  in  association  with  those 
of  the  ground-sloth.  Among  the  most  interesting  of  these 
is  the  skull  of  a  large  jaguar  (Felis  listai).  half  as  big 
again  as  that  of  the  living  species.  The  author  also 
describes  and  figures  the  foot-bones  of  four  species  of 
extinct  American  horses,  one  belonging  to  the  genus 
Eqiiug,  a  second  to  Hippidium,  and  the  other  two  to 
Onohippidium.  The  latter  are  characterized  by  their 
extreme  shortness  ;  and  if,  as  appears  to  be  the  case,  the 
lateral  toes  were  wanting,  Onohippidium  seems  to  have 
liecome  monodactyle  independently  of  the  true  horses, 
since  its  skull  is  quite  different  from  those  of  the  latter. 
This  is  a  matter  of  extreme  interest,  to  which  South 
American  palaeontologists  might  well  devote  special 
attention. 

Hitherto  only  a  single  form  of  the  African  aard-wolf 
{Proteles  cristatus)  has  been  recognised  by  naturalists.  In 
a  recent  issue  of  Noviiates  Zoologiae  the  Hon.  Walter 
Rothschild  has  shown  that  three  local  races  exist,  namely, 
the  typical  Cape  form,  the  Angola  form,  distinguished  by 
its  rufous  colour  and  fewer  stripes,  and  the  Somali  race, 
characterised  by  its  creamy-white  ground-colour  and 
possibly  by  its  small  size. 

Since  the  year  1894,  Mr.  Rothschild  has  published  from 
time  to  time,  in  Novifates  Zoologies,  a  series  of  most 
valuable  and  interesting  notes  on  giant  land-tortoises, 
mainly  based  on  the  specimens  in  his  own  collection  at 
Tring  and  in  the  Zoological  Gardens.  One  of  the  most 
important  determinations  made  by  him  is  the  fact  that 
the  celebrated  Port  Lewis  tortoise,  commonly  known  as 
Marion's  tortoise,  originally  came  from  the  Seychelles, 
and  that  it  typifies  a  distinct  species,  Testudo  sumeirei, 
characterised,  among  other  features,  by  the  absence  of  a' 
nuchal  shield.  During  the  past  year  three  papers  on 
giant  tortoises — one  by  Dr.  A.  Giinther,  and  two  by  Mr. 
Rothschild — have  appeared  in  the  journal  already  named. 
In  the  first  of  these  Dr.  Giinther  describes  the  shell  of  a 
tortoise  from  Charles  Island,  in  the  Galapagos  group, 
which   had   been   made    the   type    of   a   new  species  {T. 
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galapagoensig)  by  the  late  Dr.  G.  Baur.  It  is  a  member  of 
the  so-called  saddle-backed  group,  of  which  four  species 
are  uow  known,  namely,  T.  (jnlnimji'ieiinl^  from  Charles 
Island,  T.  ej^hijqtiiiiH  from  Duucan  Island,  T.  becki  from 
North  Albemarle,  and  T.  ahingdotd  from  Abingdon.  In 
one  of  his  two  papers  Mr.  Rothschild  describes,  under  the 
name  of  T.  wallacei,  a  shell  probably  from  Chatham  Island, 
Galapagos  group,  which  was  formerly  in  Bullock's  Museum. 
The  author  believes  it  to  be  the  only  known  representative 
of  a  once  common  species.  We  hojse  shortly  to  publish 
an  article  on  giant  tortoises. 

A  correspondent  "  Adolescens,"  writes  to  us  as  follows: — 
"  I  have  read  that  some  kinds  of  bees,  flies,  and  water- 
fleas,  are  produced  from  eggs  that  have  never  been 
fertilised  by  the  male.  Is  this  true  ?  I  shall  be  obliged 
if  you  will  kindly  answer  this  question  in  the  '  Notes  and 
Queries  '  of  your  next  issue,  and  tell  me  what  animals 
are  produced  (if  any)  by  parthenogenesis."  We  can 
perhaps  answer  this  best  by  quoting  from  Dr.  D.  Sharp, 
who  writes  as  follows  iu  the  hrst  of  the  two  volumes  on 
Insects  in  the  Camhridfje  Natural  History  :  — 

"  There  are  undoubted  cases  in  insects  of  the  occurrence 
of  parthenogenesis,  that  is,  the  production  of  young 
without  concurrence  of  a  male.  This  phenomenon  is 
usually  limited  to  a  small  number  of  generations,  as  in 
the  case  of  the  Aphididm  (plant-lice),  or  even  to  a  single 
generation,  as  occurs  in  the  alternation  of  generations  of 
many  Cynipodn'  (gall-flies),  a  jiarthenogeuetic  alternating 
with  a  sexual  generation.  There  are,  however,  a  few  cases 
of  insects  of  which  no  male  is  known  (iu  Tenthredinidie, 
Gynipidw,  Coccidm),  and  these  must  be  looked  upon  as 
perpetually  parthenogeuetic.  It  is  a  curious  fact  that  the 
result  of  parthenogenesis  in  some  species  is  the  production 
of  only  one  sex,  which  in  some  insects  is  female,  in  others 
male.  ...  In  some  forms  of  parthenogenesis,  the  yoimg 
are  produced  alive  instead  of  in  the  form  of  eggs."  It 
may  be  added  that  at  least  some  drone  bees  are  produced 
by  parthenogenesis. 

•» 

j^oticts  of  Boofts. 

"A  Naturalist  in  Imuan  Sk.vs."  By  A.  Aloock,  m.b., 
i.L.i).,  F.R.s.  (Murray.  U)02.)  18s. — The  author  tells  us  in  his 
preface  that  this  volume  "is  compiled  from  the  records  of  the 
Royal  Indian  Survey  Ship  'Investigator'  "  ;  but  the  compila- 
tion has  been  made  with  such  rare  skill  and  judgment  that  the 
past  lives  again  in  his  pages,  and  the  distant  is  brought  near. 
Hence,  we  ventnre  to  think  this  book  will  come  to  many  as  a 
revelation,  not  only  of  the  methods  of  marine  surveying  and 
zoological  investigation,  but  also  of  a  world  of  life,  kaleido- 
scopic in  its  changes,  and  romantic  in  its  facts.  He  has  conjured 
up  a  panorama  of  the  most  alluring  description  ;  Indian  temples 
and  tropical  islands,  coral  reefs  and  peaceful  lagoons,  raging 
seas,  and  the  mysteries  of  their  uttermost  depths,  are  each  in 
turn  presented,  and  their  several  inhabitants  pointed  out  and 
described,  in  such  a  way  that  wo  see  them,  not  as  so  many 
ethnological  and  zoological  examples,  but  as  living  creatures, 
leading  strenuous  lives  hitherto  undreamt  of  by  the  sta3--at- 
home  reader — unless  he  be  also  a  zoologist.  If  none  of  the  facts 
in  this  book  are  absolutely  new  it  is  because  they  liave  already 
been  ]iublished  by  the  author,  and  others  working  out  the 
materials  supplied  by  him,  in  tlie  pages  of  the  I'mceeiiini/x 
of  various  learned  societies.  Here,  however,  they  were  acces- 
sible only  to  the  professed  zoologist  ;  in  their  present  form, 
carefully  selected  and  reset,  they  will  bo  welcomed  by  the 
lover  of  travel  and  natural  history  the  world  over.  Of  the 
many  remarkable  facts  recorded  in  this  book  not  the  least 
interesting  arc  those  concerning  certain  viviparous  rays,  the 
young  of  which  are  nourished  by  a  secretion,  formed  by  vascular 
filaments  of  the  oviduct,  closely  analogous  to  milk.  These 
filaments,  in  a  small  sting-ray  (Tri/gnn  lilti-Leri)  were  found 
"dri])])ing  with  milk.''  This  is  conveyed  into  the  body  of  the 
embryo,  not  through  the  mouth  but  directly  into  the  throat 
through  the  modified  first  pair  of  gill-clefts  or  spiracles  ;  the 


milk-secreting  filaments  passing  from  the  wall  of  the  oviduct 
into  these  apertures.  The  method  of  extracting  the  milk  by 
sucking,  whichprevails  among  the  higher  mammals,  is  here  of 
course  impossible,  consequently,  it  is  pumped  into  the  gullet  by 
the  contraction  of  muscular  fibres  investing  the  filaments  in 
question,  a  method  which  recalls  the  s(j«i^ing  pi^essof  feeding 
which  obtains  among  the  mavsupials.'  The  al>SS»tion  of  the 
yolk-sac  by  the  short-tailed  hat^Ay  (l'ter)ff^t}iifiifiici-ura)  is 
another  extremely  interesting  i^slaiK^,  al%^3spg  an  instructive 
illustration  of  the  substitiuJou^^f  .or^ns.^"-  This  yolk-sac 
'•  contained  no  blood-ves^is  fpf^absc^jgyig  thej^mk  such  as  are 
generally  found  in  alh^ofe.sacs  "^"gSt^nste^  this  work  was 
done  by  the  externat  K-anchial  .gij&ment^=^i^e  long  and  delicate 
vascular  processes  which  .later!form  t^fi^ternal  giUs,  and  which 
later  still  disappear  and  a*e  replace^^  the  internal  gills  of  the 
adult.  Of  the  weird  anjiSW^der^- ways  of  the  deep-sea  fi.shes 
and  other  creatures, ^j^-how'ttoy  contrive  to  make  life  possible, 
if  not  worth  living,  m  thc^e  regions  of  eternal  night  and 
unbroken  silence,  Dr.  Alcock  has  much  to  say,  and  not  a  little 
that  is  new.  Dr.  Alcock  is  inclined  to  doubt  the  authenticity 
of  the  accounts  of  the  tree-climbing  powers  of  the  celebrated 
robbor-crab  {Birtjus  lah-o)  which  he  found  in  South  Sentinel 
Island.  That  these  stories  are  probably  true,  however,  we  may 
infer  from  the  accounts  published  not  long  since  by  Dr. 
Andrews,  of  the  British  Museum.  On  Christmas  Island  he 
found  these  crabs  climbing  the  sago-palms  when  the  fruit  was 
ripe  in  order  to  feed  thereon.  .Apparently,  some  successfully 
made  the  ascent,  whilst  others  waited  below  to  feast  upon  the 
fruit  which  had  either  fallen  naturally  or  had  been  detached  by 
their  fellows  up  aloft.  Musical  crabs,  fighting  crabs  wielding 
ponderous  war-clubs,  hermit  crabs  which  live  in  bamboo  stalks, 
and  numerous  other  remarkable  Crustacea  are  vividly  described 
in  these  pages,  together  with  a  host  of  other  creatures,  the 
mere  enumeration  of  which  would  unduly  prolong  this  notice. 
Reluctantly  we  bring  this  short  account  to  a  close,  with  the 
conviction  that  the  book  will  take  first  rank  among  those  of  its 
kind — and  these  are  many.  It  is  a  delightful  volume,  well 
printed,  well  illustrated,  handsomely  bound,  and  without  a  dull 
page- 

"  Biological  Laboratory  Methods."  By  P.  H.  Mell,  ph.d.. 
Director  of  Alabama  Experiment  Station,  &c.  (MacmiUan  &' 
Co.) — This  book  combines  general  instructions  for  the  use  of 
the  microscope  and  its  accessory  apparatus,  directions  for 
imbedding,  staining  and  generally  preparing  micro-sections,  with 
separate  chapters  on  photo-micrographic  apparatus  and  methods, 
the  study  of  bacteriology,  and  the  polarisation  of  light,  and 
concludes  with  useful  formuke  and  tables,  together  with 
suggestions  for  the  arrangement  of  the  laboratory  and  its 
furniture.  The  hints  generally  for  conducting  laboratory  work, 
although  suffering  from  the  defect  of  superficiaHty,  which  must 
of  necessity  occur  where  so  large  an  area  is  covered  in  a  small 
volume,  are  concise  and  in  many  respects  valuable. 

The  aim  of  the  writer,  set  forth  in  the  '•  Introduction,"  to 
I'  deal  with  facts  in  a  perfectly  scientific,  accurate  manner," 
is  unfortunately  unrealised  in  many  of  the  chapters,  and 
especially  is  this  so  when  he  is  dealing  with  microscopical 
and  general  optical  principles.  The  writer  assumes,  for 
instance,  that  a  Coddington  Magnifier  is  an  Aplanatic  Triplet, 
and  further  states  that  the  Wollaston  Doublet  increases  the 
distance  between  the  lens  and  the  object,  where.as  the  reverse  is 
.actually  the  case.  The  descriptions  of  spherical  and  chromatic 
aberration  are  both  vague  and  confusing.  He  states  that  the 
method  of  correcting  spherical  aberration  is  to  so  grind  the  lens 
that  its  curvature  at  the  edge  is  less  than  at  the  centre,  pre- 
sumably referring  to  a  system  of  "  figuring "  which  is  never 
applied  to  microscopic  objectives  :  while  an  acliromatic  objective 
is  stated  to  be  '  so  constructed  that  the  coloured  rays  decomposed 
out  of  the  white  light  by  the  first  lens  are  recomposed  by  the 
next  lens  into  white  light." 

The  instructions  for  the  working  of  the  Abbe  Condenser, 
evidently  the  only  condenser  known  to  the  author,  are  va^ue  ia 
description  and  wrong  iu  practice,  the  worker  being  recom- 
mended to  "  stop  down  "  and  to  control  the  light  by  racking  it 
out  of  focus --a  method  which  was  in  vogue  twenty  years 
ago,  when  the  necessity  of  focussing  the  condenser,  and  the 
advantages  generally  derivable  from  its  use,  were  little  appre- 
ciated. Ho  further  states  that  •'  dark  ground  illumination  is 
obtained  by  adapting  a  diaphragm  with  the  opening  in  the 
shape  of  a  ring  and  the  centre  oblique." 
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In  treating  of  the  influence  of  the  cover-glass,  special  emphasis 
js  laid  on  the  effect  produced  by  the  variation  of  thickness  of 
cover  when  oil-immersion  lenses  are  used.  As  a  matter  of  fact, 
these  lenses  are  theoreticallj' least  susceptible  to  this  influence. 
on  account  of  the  homogeneity  of  the  medium  which  forms 
contact  between  the  front  lens  and  the  cover-glass,  and  herein 
Ilea  one  of  the  great  advantages  of  oil-immersion  lenses. 

The  description  of  the  polarisation  of  light  is  similarly 
misleading,  and  the  statement  is  made  that  the  dark  field  is 
obtained  when  the  two  Xicol's  prisms  "  are  almost  at  right 
angles." 

Space  does  not  allow  of  further  extracts,  but  the  book 
generally  leads  to  the  conclusion  that  the  wide  range  of  know- 
ledge which  is  so  essential  in  those  who  give  directions  and 
advice  to  others  is  lacking  in  the  experience  of  the  writer,  and 
that  his  information  on  optical  subjects  has  been  gleaned  from 
an  acquaintance  with  a  verj'  limited  amount  of  apparatus  and 
knowledge  of  its  general  princijiles.  There  is  here  material  for 
a  really  practical  and  useful  book,  but  the  information  it  gives 
should  be  reliable  to  justify  its  existence. 

"Plti!Lic.\T[ons  or  West  Hendox  Horsr:  Observ.\tory, 
SoNor.uLANi).''  Ko.  II.  By  T.  W.  Biekhouse,  f.k..\.s. — Five 
subjects  are  included  in  this  most  valuable  work,  which,  it 
should  be  observed,  is  not  a  finished  treatise  on  any  one  of  the 
sections  treated,  but  a  mine  from  which  others  may  dig  the  ore 
that  they  will  mould  to  their  own  uses.  The  sections  are: — 
Part  II.  of  The  Structure  of  the  Sidereal  Universe;  Comets 
Bernard  (1 880)  and  Holmes  (1892);  The  Zodiacal  Light;  The 
Aurora  Borealis;  and  Variable  and  Suspected  Variable  Stars. 
In  the  first  section  Mr.  Backhouse  studies  the  drawings  by 
Easton  and  Boeddicker,  and  the  photographs  by  Dr.  Isaac 
Koberts,  Prof.  Barnard,  Prof.  Max  Wolf,  Mrs.  Maunder  and 
others  published  in  IvKOWLi.nc.E  or  elsewhere,  and  compares  the 
results  of  various  markings  or  orderings  of  stars  on  these  with 
the  study  of  the  same  regions  which  he  has  made  visually  with 
a  4]-inch  Cooke  refractor.  His  conclusions  are  most  definite  in 
the  regions  of  the  Milky  Way,  whose  effect  he  judges  to  be 
built  up  for  the  naked  eye  by  aggregations  of  stars  below  the 
10th  in  magnitude.  In  other  regions  of  the  sky  he  confirms  the 
existence  of  many  streams  of  stars  and  rifts,  but  can  come  to  no 
definite  conclusion  as  to  whether  radial  series  of  streams  and 
rifts  do  actually  exist  as  such  or  whether  they  are  simple  efl:'ects 
due  to  the  accidental  crossing  of  two  or  more  series  of  parallel 
streams.  In  this  connection  we  think  some  light  might  be 
shown  by  a  well-marked  feature  of  many  of  Dr.  Roberts' 
photographs,  namely,  the  spiral  arrangement  of  curved  lines  of 
stars  (not  nebular  spirals),  which  might  well  give  in  some  cases 
the  effect  of  radiating  spokes  of  stars.  We  do  not  find  that 
Mr.  Backhouse  refers  to  or  has  studied  this  spiral  formation. 

His  observations  of  the  place  of  the  Counterglow  extend 
from  1871  to  189."),  but  he  says  that,  looking  at  the  whole 
of  these  observations,  it  seems  impossible  to  arrive  at  any 
conclusion  as  to  the  inclination  of  the  Zodiacal  Light  to  the 
Ecliptic,  there  being  but  a  very  slight  preponderance  in  favour 
of  an  ascending  node  about  longitude  lit''.  The  observation  of 
aurorsE  have  become  increasingly  difficult  with  the  increase  in 
size  and  the  better  lighting  of  the  town.  His  observations 
tend  to  confirm  slightly  the  contention  of  Dr.  Veeder,  that  when 
an  aurora  is  seen  there  is  a  tendency  for  the  phenomenon  to 
recur  when  the  same  part  of  the  sun's  disc  is  again  presented  to 
the  earth ;  but  he  thinks  that  little  weight  can  be  given  to  it  as 
this  so  nearly  coincides  with  a  lunation,  which  itself  gives  a 
false  ])eriodicity  in  the  observation  of  aurorie. 

Each  section  is  illustrated  by  several  very  fine  plates. 

"Ble.men't.\ry   Photo-Micrography."     By  W.  Bagshaw. 

(London  :  Iliffe  &  Sons,  Limited.  1902.)  Illustrated,  ls.net. 
—  This  book,  while  recognising  the  advantages  derivable  from 
the  use  of  the  btst  means  for  the  work,  indicates  in  a  simple  yet 
direct  manner  how  photo-micrography  may  be  done  with  simple 
instruments  and  contrivances,  and  the  use  of  common  sense. 
Work  in  such  circumstances  necessarily  has  its  limitations,  but  ] 
as  there  is  a  tendency  in  the  majority  of  bo;ks  on  photo- 
micrography to  treat  the  subject  as  though  every  worker  had 
the  purse  of  "  Fortunatus,"  it  may  induce  those  whose  resources 
are  limited  to  attempt  this  fascinating  work  ;  and  not  to  such 
alone,  but  to  photo-micrographers  generally,  this  little  book 
will  be  found  to  contain  many  useful  hints,  based  on  sound, 
practical  knowledge. 


"  Practicai.  PiioTO-Mrf'ROGRAPiiv."  By  Andrew  Pringle. 
(Iliffe  &  Sons.) — This  is  the  third  edition  of  a  work  which 
has  become  a  standard  on  the  particular  subject  with  which 
it  deals,  and  the  writer  is  one  who  so  graphically  describes 
his  own  practical  methods  of  working  as  to  enable  the  reader 
to  grasp  the  directions  given  and  realise  the  results  described. 
The  present  issue,  which  is  printed  on  art  paper,  and  has 
numerous  appropriate  illustrations,  has  been  brought  up  to  date 
in  every  respect,  and  the  consideration  given  to  the  subject  of 
dry  plates  corrected  for  colour  will  be  found  of  special  interest. 
Throughout  the  book  there  is  no  tendency  to  stint  apparatus  ; 
it  is  practically  a  disquisition  on  how  to  do  the  best  work  with 
the  best  apparatus,  although  many  suggestions  to  the  worker  of 
modest  means  are  given.  Photo-micrographers  generally  will 
find  this  new  edition  of  Mr.  Pringle's  book  a  valuable  help  in 
their  work. 

"  0\  AN  ItJVERSiox  oi-  Ideas  as  to  the  Structure  op 
THE  U.NIVERSE,"  By  Prof .  Osborne  Reynolds,  f.r.s.  Pp.44. 
Illustrated.  (Cambridge:  University  Press.  1902.)  Is.  (jd. — 
Whatever  may  be  the  ultimate  decision  as  to  the  validity  of 
Prof.  Rej'nolds's  explanation  of  the  nature  of  the  aether  and 
matter,  his  contribution  to  the  study  of  this  subject  must  be 
regarded  as  of  the  highest  importance.  In  the  little  volume 
under  notice,  containing  the  Rede  Lecture  delivered  at  Cam- 
bridge in  June  last,  we  have  merely  the  outlines  of  a  bold 
theory,  the  details  of  which  will  be  published  later.  The 
experiments  described  to  illustrate  the  theory  are  so  remarkable 
that  they  alone  make  the  book  a  desirable  possession  for  teachers 
and  students  of  physics.  Briefly,  the  view  put  forward  by 
Prof.  Reynolds,  and  held  to  be  sufficient  to  provide  a  mechanical 
explanation  of  the  phenomena  and  effects  of  light  and  gravita- 
tion, is  that  the  aether  or  medium  existing  throughout  our 
universe  consists  of  inconceivably  small  grains.  Matter  really 
represents  a  deficiency  of  these  grains,  causing  a  strain  in  the 
medium  and  thus  accounting  for  the  law  of  gravitation.  The 
grains  have  diameters  equal  to  the  .seven  hundred  thousand 
millionth  part  of  the  wave-length  of  violet  light,  and  their  mean 
path  is  equal  to  the  four  hundred  thousand  millionth  part  of 
the  diameter  ;  their  velocity  is  about  one  and  one-third  feet  per 
second.  The  mean  density  of  this  universal  medium  is  stated 
to  be  ten  thousand  times  greater  than  that  of  water,  or  four 
hundred  and  eighty  times  greater  than  that  of  the  densest 
matter  on  the  earth.  The  mean  pressure  is  nearly  seven 
hundred  and  fifty  thousand  tons  on  the  square  inch,  being 
more  than  three  thousand  times  greater  than  the  strongest 
material  can  sustain.  From  the  assumed  co-efficient  of 
transverse  elasticity  of  this  hypothetical  medium  the  rate  of  the 
transverse  wave  is  found  to  be  that  of  light,  while  that  of 
longitudinal  waves  is  two  and  four-tenths  greater.  It  is  im- 
possible here  to  discuss  the  evidence  upon  which  Prof.  Reynolds 
bases  these  conclusions,  but  we  do  not  hesitate  to  .say  that,  both 
as  regards  foundation  and  superstructure  the  theory  represents 
an  inspiring,  if  only  imaginative,  view  of  the  con*tii,ation  of 
the  physical  universe. 

"The  Dominio.n  of  the  Air;  the  Story  of  AiiiiiAi, 
Navigatiox."  By  the  Rev.  J.  M.  Bacon.  Pp.  :j&2.  Illustrated. 
(Cassell.)  6s. — Mr.  Bacon  has  produced  a  very  interesting  and 
valuable  book,  in  which  he  describes  not  only  the  popular 
aspects  of  aeronautics  from  raediceval  times  to  the  present  day, 
but  also  gives  attention  to  the  scientific  results  which  have  been 
obtained.  It  is  a  great  convenience  to  have  in  a  compact  form 
a  trustworthy  account  of  what  has  been  accomplished  in  recent 
years  in  ballooning  and  other  means  of  ai'rial  navigation,  and  to 
trace  the  development  of  the  airships  from  the  imaginative 
structures  of  Roger  Bacon  and  Father  Lana  to  dirigible  balloons 
like  that  of  Santos  Dumont.  Mr.  Bacon  has  himself  taken  no 
slight  part  in  what  may  be  termed  the  renaissance  of  ballooning, 
and  his  own  observations  and  conclusions  contribute  to  make 
his  book  a  noteworthy  one.  It  is  usually  stated  that  Lunardi 
was  the  first  successful  aeronaut  on  British  soil,  but  Mr.  Bicon 
shows  that  the  credit  belongs  to  a  Mr.  Tytler,  who  made  an 
ascent  on  August  27th,  1784,  more  than  a  month  before 
Lunardi's  ai'rial  voyage  from  London  to  Ware.  The  duration 
of  Lunardi's  trip  was  2  hours  15  minutes,  which  is  a  very  good 
record  considering  that  no  free  balloon  can  even  now  remain 
aloft  for  much  more  than  thirty-six  hours.  There  is  little 
prospect  of  great  progress,  in  ballooning  as  a  means  of  aerial 
locomotion.     By  carrying  liquefied  gas  it  might  be  possible  to 
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provide  a  means  of  keeping  a  balloon  inflated  for  six  weeks,  but 
even  then  the  balloon  would  be  at  the  mercy  of  the  wind.  Mr. 
Bacon  devotes  an  interesting  chapter  to  Andree  and  his  voyages, 
and  in  connection  with  it  suggests  that  in  any  future  attempt 
to  reach  the  Pole  by  balloon,  wireless  telegraphy  should  be  used 
to  maintain  communication  with  the  base.  Many  observation.s 
attract  attention  in  reading  the  book,  ftlaisher  and  Coxwell's 
noteworthy  ascents  are  described  and  the  results  summarised. 
We  also  find  accounts  of  the  work  of  the  French  aeronauts, 
experiments  with  ai'roplanes,  and  modern  airships  of  various 
kinds.  The  book  is,  indeed,  a  fair  and  sufficiently  full  record 
of  the  attempts  which  have  been  made  to  navigate  the  air  :  and 
it  will  be  read  with  interest  both  on  account  of  the  element  of 
adventure  in  it  and  for  the  information  it  contains. 

"The  CoM.\fON  Spiders  of  the  U.vitkd  States."  By 
James  H.  Emerton.  Pp.  -225.  Illustrated.  (Ginn  &  Co.  1902.) 
(5s.  (jd.  net. — Though  spiders  are  not  regarded  by  many  people 
as  interesting  creatures  to  study,  yet  the  webs  of  web-spinning 
species  are  sufficient  to  show  to  everyone  that  spiders  will  repay 
all  the  attention  given  to  them.  In  addition  to  the  family  of 
spiders  which  make  webs  to  catch  insects,  there  is  the  family  of 
hunting  spiders,  which  pounce  upon  their  prey  from  various 
hiding-places.  Mr.  Emerton  gives  a  description  of  the  spiders 
of  the  United  States,  with  a  figure  of  each  species  placed  as 
near  as  possible  to  the  description.  The  book  thus  provides  a 
means  of  identifying  spiders,  and  the  numerous  beautiful 
reproductions  of  photographs  of  the  webs  and  egg  cocoons  of 
various  species  will  be  of  further  assistance  in  this  connection. 
In  an  introduction  the  author  describes  the  parts  and 
characteristics  of  spiders,  and  gives  useful  guidance  to  the 
naturalist.  It  would  have  added  to  the  interest  of  general 
readers  if  a  short  account  could  have  been  given  of  instinctive 
habits  and  intelligent  actions  of  spiders,  such  as  anyone  can 
easily  see,  but  the  book  does  not  on  this  account  lose  any  of  the 
value  it  possesses  as  a  guide  for  the  use  of  students. 

"  A  Text-book  of  Pii vsics."  By  Prof.  J.  H.  Poynting,  f.k.s., 
and  Prof.  J.  M.  Thomson,  f.r.s.  "  Properties  of  Matter." 
Pp.  228.  Illustrated.  (Griffin  &  Co.  l'J02.)  10s.  Od.— It  is 
scarcely  necessary  to  say  that  students  of  physics  cannot  f.ail  to 
derive  benefit  from  reading  this  book.  The  authors  are  leaders 
in  the  field  of  physical  inquiry,  and  their  work  reflects  faith- 
fully the  prominent  characteristics  of  methods,  and  significance 
of  results,  in  the  ground  covered.  The  volume  deals  with  the 
fundamental  properties  of  matter  which  must  be  understood 
bsfore  much  progress  can  be  made  in  the  study  of  physics. 
A  similar  volume  on  the  science  of  Sound  has  already  been 
published,  and  others  are  to  follow  dealing  with  Heat,  Light, 
Magnetism,  and  Electricity,  so  that  the  complete  series  will 
provide  students  with  a  treatise  in  which  all  the  main  depart- 
ments of  physics  will  be  surveyed.  In  the  present  volume,  the 
authors  deal  with  weight,  mass,  gravitation,  and  those  properties 
of  matter  which  relate  chiefly  to  change  of  form,  such  as  elas- 
ticity, fluid  viscosity,  surface  tension,  diffusion,  and  solution. 
The  book  is  characterised  by  thoroughness,  and  by  the  attention 
given  to  recent  results  of  permanent  value.  Traditional  ideas 
as  to  the  order  and  nature  of  the  subjects  to  be  dealt  with  in 
commencing  the  study  of  physics — exemplified  in  the  books  of 
Ganot  and  Deschanel — have  not  been  permitted  to  control  the 
character  of  the  contents.  Early  experiments  and  results  have 
only  been  used  when  necessary  to  illustrate  particular  points, 
and  discrimination  has  been  exercised  in  the  selection  of 
material  from  the  numerous  researches  of  recent  years.  The 
treatment  of  gravitation  is  most  instructive,  and  the  same  may 
be  said  of  capillarity.  Here  and  there,  students  not  well 
equipped  with  mathematical  knowledge  will  find  a  little  diffi- 
culty in  following  the  argument,  but  most  of  the  book  is  well 
within  the  range  of  every  serious  student  of  physics.  But 
though  the  authors  have  been  successful  in  their  treatment  of 
their  subjects,  they  can  scarely  be  congratulated  upon  many  of 
the  figures,  which  are  frequently  too  large  and  often  spoil  the 
appearance  of  the  page.  We  refer  to  such  illustrations  as 
Figs.  2:!,  73,  74,  81,  8;i,  'J  ),  91,  92,  and  134.  Figs.  27  and  28 
are  too  indistinct  to  bo  of  any  value,  and  ought  to  have  been 
omitted  if  they  cannot  be  made  to  show  up  better  than  they  do 
upon  the  paper  used.  Attention  to  minor  matters  such  as 
these  would  have  added  to  the  attractiveness  of  the  book. 

"Tin:  Heavias  at  a  Gi.am  k,  I'.iO."..'' — We  arc  glad  to  see 
the   seventh  annual    issue  of    Mr.    .Vrthnr    Mee's   useful    little 


astronomical  calendar.  He  has  improved  it,  in  our  opinion,  by 
printing  it  on  a  smaller  card,  and  on  both  sides  of  the  card,  and 
by  the  introduction  of  a  couple  of  star  charts.  The  smaller  ma)) 
represents  the  northern  heavens  as  seen  from  Great  Britain,  and 
the  larger  one  the  southern.  There  is  also  a  little  key-map  to 
the  principal  lunar  formations. 
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Britisi)  #vntti)olog;tcal  Notes. 

Condiii-ted  hij  Harky  F.   Witherby,  f.z..s.,  m.b.o.u. 

On  the  Occurrence  of  Phylloscopiis  viridaniis,  Blyth,  and  other 
interestintj  Birds  at  Scottish  Liqht  Stations,  By  Wm.  Eagle 
Clarke.  {Annals  of  Scott.  Nat.  Hist.,  January,  1903,  pp.  22-26.)— 
Mr.  Clarke  here  gives  details  of  the  capture  at  Scottish  lighthouses  of 
a  Greenish  Willo»-Warbler  (see  Kxowlpdge,  December,  1902, 
p.  278),  Lesser  Wliitethroat,  Black-tailed  Godwit,  and  Sooty  Shear- 
water. 

The  Sooty  Shearwater  (Pujffinus  griseus  (Qmel)^  in  the  Firth  of 
Forth.  By  William  Evans,  f.k.s.e.  (A,inalsof  Scott.  Nat.  Hist., 
January,  1903,  pp.  20-28.) — Mr.  Evans  is  strongly  disposed,  from 
personal  observation,  to  consider  the  Sooty  Shearwater  a  regular,  or 
all  but  regular,  autumn  visitant  to  the  Firth  of  Forth.  The  only 
known  breeding  places  of  this  bird  are  in  the  New  Zealand  group  of 
islands,  and  Mr.  Evans'  conclusion  of  its  regular  appearance  off  our 
coasts  points  to  a  regular  migration  of  an  almost  incredible  extent. 

Olossy  Ibis  in  Roxburghshire  and  in  Islay.  (.Innals  of  Scott. 
Nat.  Htst.,  pp.  49,  50.)— Mr.  Archibald  Steel  records  that  an  im- 
mature specimen  of  this  bird  was  shot  on  the  Tweed  on  November 
17th  last,  while  Mr.  Charles  Kirk  records  that  a  similar  specimen 
was  shot  on  Islay  on  October  30th  last.  The  bird  has  seldom  been 
recorded  from  Scotland. 

Nesting  of  the  Hawfinch  in  Breconthire.  (Zoologist,  December, 
1902,  p.  4i5.) — It  has  been  noted  for  some  years  that  the  Uawfiuch 
is  increasing  its  range  westward.  In  1890  it  was  discovered  to  be 
breeding  in  Brecousbire,  and  Mr.  E.  A.  Swainson  considers  that  it  is 
increasing  in  that  county.  Last  year  he  found  a  nest  in  the  west  of 
Breconshire,  a  point  which  ho  considers  as  poisibly  the  most  westerly 
at  which  the  Hawfinch  has  been  known  to  breed. 

Melaaistic  Variety  of  the  Water  Rail.  {Zoologist,  December, 
1902,  p.  407.)  — Messrs.  Williams  Si  Son,  of  Dublin,  note  that  a 
Water  Rail,  shot  near  Dublin  on  November  13th,  was  entirely  black, 
with  the  exception  of  the  barred  feathers  on  the  sides  and  the  under 
tail  coverts,  which  were  dull  white.  The  beak  aud  feet  were  also 
black,  and  the  eyes  dark  brown. 

Bullfinch  in  Shetland.  (Zoologist,  December,  1902,  p.  468.)— Mr. 
T.  Edmonston  Saxby  records  that  he  obtaine<l  a  female  Bullliuch  in 
Shetlanil  on  November  8th.  Tlii3  is,  it  appears,  only  the  second 
aullienticated  instance  of  this  bird's  appearance  in  Shetland. 
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Winter  Kestinff  of  Birds. — At  the  December  meeting  of  the 
British  Ornitliologists'  Club.  Mr.  T.  Digby  Pigott  announced,  on 
behalf  of  Lord  Morctoii,  that  during  tlio  week  endmg  November  22nd 
last  a  Thrush  had  hatched  out  a  voung  one,  and  a  Starling  and  a 
Wren  had  laid  eggs  at  Sarsden,  in  Oxfordshire.  He  also  reported  on 
the  authority  of  Mr.  R.  Norton,  of  Downs  House,  Yalding,  that  in 
the  same  month  there  were  young  Martins  in  a  nest  in  Kent. 

T'arietif  of  the  Woodcock. — At  the  same  meeting,  Mr.  W.  B. 
'I'egetmeier  exhibited  an  interesting  and  striking  Tariety  of  the 
Woodcock  with  the  ground-colour  of  a  lilac-grey,  and  the  chestnut 
vcrmiculatiotis  of  a  bright  tint.  The  ends  of  the"  primaries  were  all 
wliitc,  with  the  usual  black  markings  replaced  by  lilac-brown.  Tlie 
under  parts  were  creamy-buff,  faintly  barred  with  pale  greyish-brown. 
Tl\e  throat  white;  the'biU  rather  paler  than  usual,  but  the  iris  of 
the  normal  colour.  The  bird  was  a  female,  and  was  procui-ecl  in  the 
Galtee  Mountains,  Tipperary. 

Dotterels  in  Merionethshire  (Ibis,  January,  1903,  p.  133). — Mr. 
O.  V.  Aplin  writes  to  the  Ihis  that  lie  saw  Dotterels  on  a  mountain 
in  Merionethshire  in  i\[ay,  1902,  as  he  did  in  1901.  This, bird  occurs 
only  occasionally  in  Wales,  but  since  Mr.  Aplin  has  seen  the  bird  for 
two  years  in  succession  in  the  same  place,  it  seems  that  some  at  all 
events  are  regular  visitors  to  the  Cambrian  mountains.  It  is  also 
just  possible  that  they  remain  to  breed  there  ;  but  Mr.  Aplin  remarks 
that  the  birds  could  not  be  found  in  June. 

The  British  Gee.ie  fAnser  paludosus  (Strickl.^  and,  Anser  neyleotus). 
—  Eeference  was  made  in  the  November  (1902)  issue  of  Knowleuoe 
to  some  notes  on  the  British  Geese  by  Mr.  Coburn  and  by  Mr. 
Frohawk.  Mr.  Coburn  now  calls  attention  fZoologist,  December, 
1902,  pp.  -ltl-418)  to  a  bird  which  he  proi'ured  at  St.  Abb's  Head, 
Scotland,  on  February  25th,  1896.  Mr.  Coburn  somewhat  con- 
fidently concludes  that  this  bird  is  the  same  as  that  described  by 
Strickland  in  18.58  as  Anser  paliidosus,  which  Strickland  presumed 
was  the  same  bird  as  a  Groose  known  to  the  Yorkshire  fowlers  of  the 
18th  century  as  the  Carr-lag.  Mr.  Coburn,  as  did  Mr.  Strickland, 
presumes  that  this  is  a  Goose  of  ai|uatic  habits,  and  so  he  accounts 
for  its  "  long  swan-like  neck  and  large  swan-like  feet."  Mr.  Coburn 
says  that  the  bird  equals  a  fine  Grey-lag  in  size,  but  its  general  tone 
of  coloration  of  plumage  resembles  that  of  the  Bean  Goose.  As 
regards  the  structure  of  the  bill  the  serrations  on  the  lower  mandible 
"  are  large  in  size,  sharply  pointed,  and  directed  backward,  whereas 
in  the  Bean  Goose  they  are  straight,  blunt,  and  more  fused  together." 

Mr.  F.  W.  Frohawk  suggests  (The  Field,  December  20th,  1902, 
p.  1045)  that  a  Goose  described  as  Anser  negleetus  by  Mr.  B.  Sushkm 
(Ibis,  1897,  p.  h)  may  be  found  occasionally  in  Great  Britain  This 
bird,  Mr.  Frohawk  says,  may  be  termed  the  large  pink-footed  Goose. 
Its  bill  is  longer  and  more  slender  than  that  of  Anser  brachi/rhi/nehiis. 
Mr.  Coburn  and  Mr.  Frohawk  are  to  be  thanked  for  calling  attention 
to  these  Geese,  and  it  is  to  be  hoped  that  their  observations  will  lead 
to  further  material  being  collected  so  that  the  various  species  of 
British  Geese  cau  be  authoritatively  defined. 

Ail  contributions  to  the  column,  either  in  the  way  of  notes 
or  photographs,  should  be  forwarded  to  Harry  F.  Witherby, 
at  the  Office  o/"  Knowledge,  326,  High  Holhorn,  London. 


ANIMAL    WIND-BAGS-USEFUL    AND 
ORNAMENTAL-II. 

WIND-BAGS  AS  VOICE  ORGANS. 
By  W.  P.  Pycraft,  a.l.s.,  f.z.s.,  etc 
Although,  as  in  the  case  of  the  great  bustard  aud  the 
jiiuuated  grouse,  the  inflatiou  of  the  air-sacs  of  the  throat 
is  associated  with  the  production  of  peculiar  sounds, 
caused  by  the  violent  expulsion  of  the  air  tlierefrom,  the 
display  of  these  wind-bags  is,  as  a  rule,  silent.  Or  the 
sound  is  produced  by  the  voice  organ  and  not  the  sac, 
which  is  primarily,  among  birds  at  least,  an  ornamental 
appendage. 

The  wind-bags  with  which  we  are  now  to  deal  are  in 
every  instance  devoted  exclusively  to  the  production  of 
souad,  musical  or  otherwise,  which  is  designed,  as  in  the 
foregoing  instances,  to  attract  and  charm  the  female 
members  of  the  community.  Among  the  birds,  it  will  b3 
remembered,  these  peculiar  wind-bags  are  sometimes 
formed  by  temporarily  commaudeeriug  the  services  of  the 
gullet,    sometimes   by   the   development   of   independent 


structures,  as  in  the  case  of  the  throat- pouch  of  the  great 
bustard  ;  but  the  pouches  now  under  coiisideration  are  in 
all  cases  specially  developed  organs  borne  only  by  tiic 
males. 

The  troubiulours  of  nature  are  countless,  but  perhaps 
the  quaintest  of  these  minstrels  are  those  which  elect  to 
declare  the  tender  jiassion  on  the  bagpijies.  To  our  ears 
the  music  thtsy  produce  is  often  as  trying  to  the  nerves  as 
the  noise  produced  by  a  child  with  its  first  drum  ;  whilst  in 
other  cases  we  are  charmed  with  the  beauty  of  the  melody. 
Doubtless,  however,  to  those  for  whom  they  play,  the 
music  is  in  all  cases  equally  charming!  Among  our  own 
species,  indeed,  the  musical  sense  is  by  no  means  uniform. 
To  Europeans'  ears,  the  musical  efforts  of  the  savage  seem 
but  a  jumble  of  discordant  sounds,  whilst  the  productions 
of  Mendelssohn  or  Beethoven,  for  example,  may  stir  up  the 
deepest  emotions  in  our  nature.     In  other  words  : — 

''  There  are  nine  and  sixty  ways  of  constructing  tribal  lays, 
And— every — single — one — of — them — is— right." 

So  far  as  we  are  concerned,  the  lays  now  under  con- 
sideration are  expressed  in  music  without  words  ;  whilst, 
as  we  shall  see  presently,  the  peoples  who  furnish  the 
subjects  thereof  hold  very  widely  distinct  positions  in  the 
animal  kingdom.  Doubtless  it  will  come  as  a  surprise  to 
many  to  iiud  that  the  humblest  of  these  performers  on 
wind  instruments  are  to  be  found  amongst  the  ranks  of 
the  much-abused  and  desi>ised  frogs  and  toads  ;  creatures 
that  for  centuries  have  been  looked  upon  with  misappre- 
hension anJ  even  loathing.  Shakespeare  appears  to  be 
the  only  one  of  the  old-time  writers  who  has  discovered 
a  single  redeeming  feature  about  these  really  inoffensive 


Fia.  1. — A.  Paired  Voeal  Sacs 
of  Edible  Frog.  B.  Medium 
Vocal  Sac  of  a  Tree  Frog. 


FlO.  2.— Dusky-spotted  Marsh 
Frog  of  Paraguay,  showing 
Air  Sacs.    (After  Gadow.) 


and  useful  creatures.    Thus,  in  "As  You  Like  It,"  Act  II., 
he  assures  us  that — 

"  The  toad,  ugly  and  venemous,  wears  yet  a  jewel  in  its  head." 
Had  he  been  acquainted  with  the  discoveries  of  modern 
zoology  he  might  perhaps  have  added,  "  and  a  musical 
box  in  its  throat." 

We  of  the  British  Islands  are  dependent  upon  an  alien 
for  our  first-hand  knowledge  of  musical  frogs.  This  is 
the  European  edible  frog,  which  is  said  to  have  been 
introduced,  many  years  ago,  into  the  Cambridgeshire  feus, 
and  parts  of  Norfolk,  from  France.  Its  performance, 
however,  is,  to  our  ears,  rather  of  the  barbaric  than  the 
aesthetic  order.  Nevertheless,  in  their  own  way  the  males 
of  this  species  appear  to  be  most  assiduous  musicians, 
playing  out  of  sheer  joy  of  living,  not  only  during  the 
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period  of  courtship  but  throughout  the  months  of  June 
and  July.  During  this  season,  espei;ially  when  the  nights 
are  warm  and  moonlit,  the  concert  begins  at  sunset  and 
continues  till  dawu.  One  of  these  musical  evenings, 
conducted  by  a  colony  of  these  frogs  in  North  Germany, 
■where  they  are  common,  his  been  graphically  described  by 
Dr.  Gadow.  The  tuning-up  commences,  he  tells  us,  with 
a  single  note  uttered  by  a  few  scattered  individuals, 
"  qwarr,  oo-arr,"  or  "  coarx,"  "  qwarr,  oo-ar,"  "  coarx." 
And  then  the  choir-master  commences  with  a  shar^) 
sounding  "  brekeke."  This  is  the  signal  for  the  rest  to 
begin,  which  they  do  with  a  will,  bass,  tenor,  and  alto, 
each  performer  filling  his  vocal  sacs  to  bursting  size,  so 
that  these  bags  look  like  a  pair  of  floats,  one  on  each  side 
of  the  head.  When  several  hundi-eds  of  these  joyous 
creatures  are  indulging  in  this  exercise,  the  din  may  be 
heard  a  mile  off.  In  the  Middle  Ages  it  was  customary, 
where  these  irrepressible  creatures  abounded,  to  keep  a 
servant  for  the  sole  jmrpose  of  breaking  up  the  concert  by 
beating  the  pond,  throwing  stones,  or  otherwise  disturbing 
the  meeting  !  In  Foulmire  Fen  and  Whaddon,  in  Cam- 
bridgeshire, these  frogs,  in  their  palmy  days,  earned  for 
themselves  the  names  of  "Whaddon  organs"  and  "Dutch" 
or  "Cambridgeshire  nightingales." 

The  voice-pouches  of  these  frogs  form,  when  inflated, 
as  we  have  already  described,  a  pair  of  large  globular  bags, 
one  on  either  side  of  the  head.  They  are  found  only  in  the 
males,  and  are  filled  through  a  small  opening  in  the  floor 
of  the  mouth  on  each  side  of  the  tongue. 

The  vocal  powers  of  the  American  bull-frog,  a  near  ally 
of  the  edible-frog,  are  well  known.  Assembling  in 
hundreds  during  the  breeding  season,  the  males  give  voice 
to  a  croak  so  loud  as  to  be  compared  to  the  distant  roaring 
of  a  bull,  which  can  be  heard,  on  a  still  night,  for  nearly  a 
mile. 

The  blue  tree-frog  of  Australia  sends  forth,  at  one  time 
a  croaking  sound,  at  another  a  noise  which  has  been  com- 
pared to  the  l)arking  of  an  angry  dog.  Stranger  still.  Dr. 
Goeldi,  of  Para,  has  recently  described  a  Brazilian  tree- 
frog,  known  as  the  "  ferreiro  "  or  "  smith,"  which  is 
possessed  of  a  really  wonderful  voice,  making  a  sound 
which  is  compared  to  the  noise  made  by  a  mallet  slowly 
and  regularly  beaten  on  a  copper  plate.  Regular  concerts 
take  place  in  the  forests  where  these  frogs  abound,  the 
notes  of  several  individuals  varying  in  tune  and  intensity. 
When  seized,  this  extraordinary  creature  utters  a  shrill 
cry  which  is  compared  to  that  of  a  wounded  cat. 

Another  tree-frog,  this  time  from  North  America,  has 
a  note  which  re.sembles  a  small  bell.  iSo,  too,  has  one  of 
the  8(iutli  American  toads,  its  call-note  being  described  as 
three  bell-like  notes,  the  middle  one  being  the  highest. 

Darwin's  narrow-mouthed  toad  is  another  species  with 
a  bell-like  note.  This  species,  by  the  way,  is  further 
remarkable  in  that  the  vocal  sacs,  during  the  breeding 
season,  are  used  as  a  depository  for  tlie  eggs!  The  safety 
of  these  treasures  is  of  course  of  immense  importance,  but 
this  pafticuhir  arrangement  for  tlieir  security  must  be  an 
exceedingly  inconvenient  one  for  tlio  father  of  the  family, 
inasmuch  as,  until  the  eggs  hatch  and  the  young  are 
extruded,  he  is  rendered  perfectly  dumb  ! 

A  remarkable  species  of  frog  recently  discovered  in 
Paraguay  has  a  cry  which  has  been  compared  to  that  of  a 
kitten.  The  voice  is  made  bv  alteraately  intlatiug  tlie 
voice-pouches  and  lungs.  When  the  hitler  are  fully 
inflated  this  frog  appears  to  be  as  big  as  a  golf-!iall,  but  if 
startled  the  air  is  immediately  expelled,  thereby  reducing 
the  body  to  one-filth  its  former  size. 

15eside8  the  examples  wo  have  selected  for  comment, 
the  ranks  of  the  lowly  and  much-despiseil  frogs  and 
toads  boast  many  other  performers  quite  worthy  of  honour- 


able mention  did  space  pei'iuit.  It  must  not  be  supposed, 
however,  that  it  is  they  ahme  who  are  provided  with  the 
curious  dilatable  sound-boxes ;  on  the  contrary,  as  we 
shall  now  proceed  to  show,  they  are  to  be  found  in  various 
animals,  up  to  the  "lord  of  creation  "  himself. 

Amoni;  the  birds  we  have  two  very  striking  instances 
in  the  ostrich  and  the  emeu.  The  ostrich,  like  certain 
other  birds  which  inflate  the  neck  for  the  purpose  o£ 
display  only,  transforms  his  gullet,  for  the  nonce,  into  a 
sound-producing  organ.  This  is  done  by  the  male  only, 
and  when  challenging  another  cock,  or  courting  the 
female.  The  sound  is  described  as  resemblinK  a  mufiled 
"  boom,"  and  its  production  is  known  by  English  ostrich 
farmers  as  "bromming."  It  can  only  be  made  whilst  the 
bird  is  standing  still,  but  exactly  how  it  is  produced  is 
not  quite  clear.  Possibly  the  huge  column  of  air  in  the 
gullet  serves  in  some  way  as  resonator  to  the  voice  organ, 
whilst,  on  the  other  hand,  the  sound  may  be  produced  by 
the  sudden  expulsion  of  the  imprisoned  air. 

The  emeu,  far  inferior  to  the  ostrich  in  many  things, 
has  decidedly  the  advantage  in  matters  musical,  inasmuch  as 
it  has  developed  a  quite  unique  form  of  voice  organ.  This 
is  formed  by  a  long  slit  pierced  through  the  wall  of  the 
front  of  the  windpipe,  near  its  middle,  so  as  to  permit  the 
exit  of  a  large  pouch  formed  by  tht^  inner  lining  of  the 
windpipe,  so  that  the  pouch  comes  to  lie  between  the 
windpipe  and  the  skin  of  the  neck.  Although  present  in 
both  sexes,  this  pouch,  strangely  enough,  appears  to  be  used 
only  by  the  female,  who,  during  the  time  when  the  cares  of 
a  family  weigh  heaviest,  gives  voice  to  a  very  peculiar 
booming  sound  of  considerable  volume.  That  the  sound 
is  due  to  the  action  of  the  pouch  there  can  be  little  doubt, 
for  the  true  organ  of  voice  in  the  emeu  is  of  a  very  rudi- 
mentary character. 

Voice  pouches  among  the  higher  animals  occur  but 
rarely.  Traces  thereof  are  to  be  found,  however,  in  certain 
whalebone  whales  and  porpoises,  some  swiae,  and  the 
great  ant-eater,  indicating  that  at  some  earlier  time  these 
creatures  possessed,  if  not  the  gift  of  song,  at  least  the 
ability  to  make  a  noise  in  the  world. 

In  the  common  fox  two  voice  pouches  of  considerable 
size  are  found  in  the  larynx,  though  not  large  enough  to 
be  visible  externally.  Probably  they  are  to  be  found  in 
the  wolf,  hyaena,  and  jackal  also,  and  aid  not  a  little  in  the 
production  of  the  blood-curdling  sounds  which  these 
creatures  are  capable  of  pouring  forth. 

We  meet  with  them  again  among  the  members  of  the 
monkey  tribe,  and  in  man.  Among  some  of  the  former 
these  pouches  are  of  enormous  size,  yet,  save  in  one  or  two 
cases,  they  are  incapable  of  producing  any  sound  which 
to  our  ears  would  be  called  musical ;  on  the  contrary,  in 
many  cases  they  make  the  night  hideous  by  the  most 
demoniacal  of  noises. 

The  howler  monkeys  of  South  America  have  achieved 
great  distinction  in  this  direction.  Waterton,  in  his 
"  Wanderings,"  writing  of  the  red  howler  monkey  of 
Demerara,  tells  us  that  "  Nothing  can  sound  more  dread- 
ful than  its  nocturnal  bowlings.  While  lying  in  your 
hammock  in  these  gloomy  and  immeasurable  wilds,  you 
hoar  him  howling  at  intervals  from  eleven  o'clock  at  night 
till  day-break.  You  would  suppose  that  half  the  wild 
beasts  of  the  forest  were  collecting  for  the  work  of 
carnage.  Now  it  is  the  tremendous  roar  of  the  jaguar,  as 
he  springs  on  his  prey:  now  it  changes  to  his  terrible  and 
deep-toned  growlings,  as  he  is  pressed  on  all  sides  by 
superior  force ;  and  now  you  hear  his  last  dying  moan 
beneath  a  mortal  wound." 

Some  naturalists  have  supposed  that  these  awful  sounds, 
which  you  would  fancy  are  those  of  enraged  and  dying 
wild  beasts,  proceed  from  a   number  of  the  red  monkeys 
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howling  in  concert.     One   of  them   alone   is   capable   of 
producing  all  these  sounds. 

The  howler  monkeys  appear  to  have  gone  to  considerable 
trouble  and  pains  to  produce  these  c!xtraordinary  sounds, 
for  even  the  bones  of  the  skeleton  have  been  altered  in 
consequence.  The  resonating  voice  pouch  of  these  monkeys 
is  formed  by  an  outgrowth  of  tlie  membrane  lining  the 
windpipe;  to  be  more  exact,  of  the  inner  lining  of  the 
larynx,  the  region  of  the  windpipe  wbich  forms  the 
"  Adam's  apple  "  in  man.  It  is  of  enormous  size,  and  to 
afford  it  support  the  bones  of  the  tongue  have  been  induced 
to  form  a  huge  cup-shaped  chamber,  and  to  protect  this, 
the  lower  jaw  has  further  developed  abnormally  deep  sides, 
so  that  the  long  chamber  with  its  thin-walled  pouch  is 
most  effectually  protected. 

The  man-like  apes — the  gibbons,  gorilla,  chimpanzee 
and  orang-utan — are  all  provided  with  these  peculiar 
pouches,  and  all   have  remarkably  powerful  voices. 

The  pouches  of  the  gibbons  are  relatively  small — in  one 
species,  the  Siamang  gibbon  {Rylohates  nyndadylus)  of 
Sumatra,  they  are  said  to  be  wanting — but  at  least  two 
species  are  capable  of  producing  musical  sounds.  Thus, 
the  notes  of  the  agile  gibbon  have  been  described  as 
ascending  and  descending  the  scale,  the  intervals  being 
exactly  half  tones.  The  highest  note  an  exact  octave 
higher  than  the  lowest.  The  silvery  gibbon,  Mr.  Francis 
Darwin  tells  us,  sings  in  a  cadence  of  three  notes  in  true 
musical  intervals,  with  a  clear  musical  note.  The  wan- 
wan  gibbon  {Hylohates  leuciscus)  is  a  decidedly  less 
pleasing  songster.  Dr.  H.  O.  Forbes,  in  describing  this 
species,  which  he  met  with  in  Java,  tells  us  that  in  the 
evening,  just  about  sundown,  and  again,  just  before  sunrise, 
the  traveller  is  often  startled  by  the  sudden  outbreak  of  what 
appears  to  be,  now  the  loud  plaintive  wailings  of  a  crowd 
of  women,  now  the  united  howlings  of  a  band  of  castigated 
children.  Eventually  the  harrowed  feelings  of  the  listener 
are  relieved  by  the  discovery  that  these  woeful  cries  are 
merely  the  outbursts  of  a  band  of  monkeys  serenading 
their  neighbours. 

The  gorilla,  chimpanzee,  and  orang  surpass  even  the 
howler  monkey  in  their  ability  to  make  a  noise. 

The  gorilla  is  described  as  being  able  to  emit  "a  terrible 
yell  that  resounds  far  and  wide  through  the  forest."  The 
orang  in  producing  high  UDtes  thrusts  out  his  lips  into  a 
funnel-shape  ;  but  in  uttering  low  notes  the  mouth  is 
held  wide  open.  The  chimpanzee,  like  the  howlers,  give 
vent  to  loud  cries,  shrieks,  and  howls  in  the  morniu"  and 
evening  and  sometimes  during  the  night,  making  a  noise 
which  can  be  heard  for  great  distances. 

So  far,  however,  we  appear  to  have  more  information 
concerning  the  size  and  structure  of  the  voice  pouches  of 
the  large  apes  than  of  the  noises  which  they  produce. 
These  pouches  are  formed  by  outgrowths  of  a  pair  of 
cavities  of  the  larynx  or  organ  of  voice  known  as  the  ven- 
tricles of  the  larynx.  In  the  gorilla  and  the  orang  they 
are  of  enormous  size.  In  the  former  they  cxteud  from 
the  throat  downwards  over  the  breast  to  the  armpits  ; 
whilst  in  the  latter  they  encircle  the  neck,  so  as  to  give 
the  creature  the  appearance  of  wearing  a  life-buoy  beneath 
the  skin.  In  the  chimpanzee  these  sacs  appear  to  be 
somewhat  less  developed,  and  are  three  in  number,  a 
median  and  two  lateral. 

In  man  himself  it  is  interesting  to  notice  vestiges  of 
tbe.se  pouches  are  found  within  the  larynx,  behind  the 
"  Adam's  apple."  It  is,  perhaps,  fortunate  that  they  have 
sunk  into  desuetude,  for  one  trembles  to  think  of  the 
numerous  street  cries,  brawls,  and  the  efforts  of  pe"-!- 
patetic  orators  that  even  now  hairow  our  feelings,  mag- 
nified ten-fold  by  resonators  of  this  description  ! 


A    GIANT    AMONG    SEALS. 

By  R.  Lttdekker. 

Few  generalisations  have  taken  a  firmer  hold  of  the 
popular  imagination  than  the  notion  that  the  animals  of 
to-day  bear  no  sort  of  comparison  with  their  jiredecessors 
of  the  past  in  respect  of  bodily  size,  and  that,  so  far  as  the 
giants  of  the  animal  kingdom  are  concerned,  we  are  living 
in  a  dvjarfed  and  impoverished  world.  Like  most  popular 
conceptions  this  idea  contains  a  considerable  element  of 
truth  mingled  with  a  large  amount  of  misconception.  In 
the  first  place,  there  is  no  accurate  definition  of  what  is 
meant  by  "  the  past."  If  it  mean  only  those  epochs  of 
the  earth's  history  previous  to  the  advent  of  man,  it  is 
unquestionably  inaccurate.  If,  on  the  other  hand,  it  also 
embrace  the  prehistoric  portion  of  man's  sojourn  on  the 
globe,  it  has  scarcely  a  claim  to  be  regarded  as  a  fair  or 
accurate  statement  of  the  true  state  of  the  case,  seeing 
that  the  extermination  of  a  very  considerable  percentage 
of  the  large  animals  of  the  epoch  in  question  has  been  the 
work  of  man  himself — a  work,  unliappily,  which  is  still 
proceeding  apace. 

But  in  addition  to  this,  the  animals  of  one  geological 
epoch  are  very  fi-equently  confounded  with  those  of 
another,  so  that  dinosaurs  and  mosasaurs,  ichthyosaurs 
and  plesiosaurs,  mastodons  and  mammoths,  and  glypto- 
dons  and  ground-sloths,  are  ofteu  spoken  of  as  if  con- 
temporaries and  inhabitants  of  the  same  country. 

If  such  were  really  the  case,  we  should  indeed  be  living 
in  an  impoverished  epoch  of  the  world's  history  ;  but  if 
we  take  the  term  "present"  in  not  too  narrow  a  sense, 
and  also  bear  in  mind  that  Europe,  and  such  other  parts 
of  the  world  as  have  been  more  or  less  thickly  populated 
for  untold  ages,  scarcely  form  a  fair  basis  of  comparison, 
it  will  be  manifest  that  the  idea  in  question  is  to  a  con- 
siderable extent  due  to  misconceptions  and  inaccuracies  of 
the  nature  of  those  referred  to  above. 

It  is  true  that  in  certain  portions  of  the  world  the  larger 
forms  of  animal  life  disappeared  at  an  epoch  when  man 
can  scarcely  be  regarded  as  having  taken  a  prominent 
part  in  their  extermination  ;  a  notable  example  of  this 
kind  being  South  America,  where  the  huge  ground-sloths, 
toxodons,  and  macrauchenias  of  the  latter  part  of  the 
Tertiary  epoch  disappeared  with  seeming  suddenness  in 
what  is  to  us  an  unaccouutable  manner.  The  extermina- 
tion of  the  mammoth,  the  woolly  rhinoceros,  and  the 
hippopotamus  from  Europe,  although  partly,  perhaps, 
attributable  to  climatic  change,  has  not  improbably  been 
accelerated  by  man's  influence,  and  the  same  may  be  true 
with  regard  to  some  of  the  larger  mammals  of  ancient 
India. 

In  the  latter  country  we  have,  however,  still  the  Indian 
elejjhant,  the  great  one-horned  rhinoceros,  and  the  wild 
buffalo,  which,  although  not  actually  the  largest  repre- 
sentatives of  their  kind,  are  still  enormous  animals.  In 
Africa  the  prevalence  of  animals  of  large  corporeal  bulk 
is  more  noticeable.  Although  the  extinct  elephant  of  the 
Norfolk  "  forest-bed  "  is  stated  to  have  been  the  biggest 
of  its  tribe,  it  is  very  doubtful  if  it  was  really  larger 
than  the  living  African  elephant  ;  and  the  so-called  white 
rhinoceros,  in  the  days  of  its  abundance,  was  certainly  not 
inferior  in  point  of  size  to  any  of  its  extinct  relatives. 
The  giraffe,  again,  which  in  the  Mount  Elgon  district  is 
stated  to  tower  to  twenty  feet,  is  much  taller  than  any  extinct 
(juadruped  yet  known  to  us ;  and  the  hippopotamus  falls 
but  little  short  of  its  ancestors  of  the  Pleistocene  epoch. 
The  elands,  again,  are  by  far  the  largest  of  antelopes 
known  at  any  period  of  the  earth's  history  ;  and  the 
ostrich,  although  not  comparable  with  some  of  the  New 
Zealand  moas   (which,  by  the  way,  were  probably  exter- 
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minated  ouly  a  few  centuries  ago  by  the  Maoris),  is  yet 
the  largest  member  of  its  own  particular  groujj.  Again, 
no  fossil  ape  is  known  wbicli  is  anywhere  in  the  running 
as  compared  with  a  full-grown  male  gorilla.  It  is,  more- 
over, 2>robable,  despite  the  old-world  legends  of  giants, 
that  man  at  the  present  day  is,  on  the  whole,  a  taller  and 
finer  animal  than  he  ever  was  before. 

Of  course  there  are  certain  cases  where  the  animals  of 
to-day  cannot  compare  with  some  of  their  predecessors, 
and  a  case  in  point  is  afforded  by  the  extinct  atlas  tortoise 
of  Northern  India,  which  (although  its  size  has  been 
vastly  exaggerated)  far  exceeded  in  bulk  its  living  cousins 
of  the  Galapagos  and  Mascarenes.  This,  however,  may 
perhaps  be  accounted  for  by  the  larger  area  of  its  habitat. 
Among  the  inhabitants  of  the  ocean  we  shall  find  even 
more  striking  testimony  as  to  the  large  bodily  size  (either 
absolute  or  relative)  attained  by  many  animals  of  the 
present  day.  Probably  no  mollusc  was  ever  larger  than 
the  giant  clam,  whose  valves  measure  a  yard  or  more  in 
length ;  and  we  have  no  evidence  that  the  enormous  cuttles 
and  squids,  forming  the  food  of  the  sperm-whale,  were 
ever  rivalled  in  size  during  past  epochs.  The  huge  long- 
limbed  crab  of  the  Japanese  seas,  and  the  cocoa-nut  crab 
(which  is  but  a  marine  creature  that  has  taken  to  a  terres- 
trial existence)  of  the  islands  of  the  Indian  Ocean,  are 
likewise  probably  the  giants  of  their  kind.  At  no  epoch 
of  the  earth's  history  have  we  any  record  of  an  animal 
approaching  in  size  the  blue  rorc[ual,  with  its  length  of 
between  eighty  and  ninety  feet,  and  its  weight  of,  probably, 
at  least  as  many  tons.  The  sperm-whale  and  the  Green- 
laud  right-whale  were,  at  the  time  of  their  abundance, 
certainly  the  largest  of  their  respective  kinds  ;  while  the 
basking-shark  has  probably  been  unequalled  in  bulk  by 
any  of  its  predecessors.  The  great  white  shark  of  the 
present  day  is  indeed  considerably  inferior  in  size  to  its 
cousins  whose  teeth  now  strew  the  floor  of  the  Pacific, 
but  these  latter  lived  at  no  very  distant  period,  and  may 
possibly  still  survive.  Walruses  were  never  larger  than 
they  are  at  the  present  day,  and  the  dugongs  and  manatis 
of  the  seas  of  our  own  days  were  fully  as  large  as  any  of 
their  ancestors  of  which  we  have  ken  ;  while  the  northern 
sea-cow  of  Bering  Sea — exterminated  only  a  century  and 
a-half  ago — was  in  this  respect  far  ahead  of  all  other 
competitors. 

The  same  is  true  with  regard  to  the  anima  forming 
the  subject  of  the  present  article — the  sea-elephant,  or, 
better,  the  elephant-seal — which  so  vastly  exceeds  in  size 
all  other  members  of  its  tribe  that  even  the  largest  sea- 
lions  and  walruses,  when  placed  alongside  its  huge  bulk, 
look  dwarfs  by  comparison.  But  it  is  not  only  from  its 
vast  size  that  this  seal  is  of  more  than  ordinary  interest, 
since  it  is  remarkable  for  many  peculiarities  in  structure 
and  habits,  approaching  the  eared  seals  (or  sea-lions  and 
sea-l)ears)  more  closely  than  is  the  case  with  any  other  of 
the  true  or  earless  seals.  It  has  also,  unhappily,  an 
interest  attaching  to  it  on  account  of  its  inipending 
extermination. 

Elfplumt-seals  frequent  the  shores  of  many  of  the 
islands  of  the  Soutii  Seas,  where  they  spend  a  long  time 
on  land  during  the  breeding  season,  and  also  occurred 
formerly  on  the  Pacific  Coast  of  North  America  from  Cape 
Lazaro  to  Point  Eeyes,  Californiu,  whore  tlioy  are  now 
]iractii-ally  extinct.  As  these  ("alifornian  elephant-seals 
were  completely  isolated  from  those  inhabiting  the  South 
Sea  Islands,  they  are  regarded  by  American  naturalists  as 
constituting  a  species  by  themselves  ;  but  since  their 
distinction  from  the  typical  soutlieru  form  is  but,  slight,  it 
seems  ]ireferal)le  to  look  upon  tiiem  in  the  light  of  an 
isolated  local  race.  Tliese  seals  never  appear  to  wander 
south  to  the  Antarctic  pack-ice. 


Our  first  definite,  if  not  actual,  knowledge  of  the  elephant- 
seal  seems  to  have  been  derived  from  a  specimen  brDught 
to  England  by  Lord  Anson  in  1744  from  the  island  of 
Juan  Fernandez,  and'the  figure  and  account  given  in  the 
"  Voyage  Round  the  World  "  of  that  great  commander, 
where  the'  species  is  called  "  sea-lyon."  Lord  Anson  seems 
to  have  obtained  a  male  and  a  female  specimen  ("lyou" 
and  "lyoness"  he  calls  them"),  the  former  of  which  was 
stuffed  and  exhibited  in  the  British  Museum.  What  its 
dimensions  were  is  now  unknown,  a  somewhat  unfortunate 
matter,  since  it  was  probal)ly  a  full-grown  adult  male  of 
larger  size  than  any,  or  the  majority  of  those,  to  be  met 
with  at  the  present  day.  After  being  exposed  in  the 
Museum  galleries  for  considerably  more  tlian  half  a  century, 
probably  without  any  protection  from  dust  and  the  still 
more  mischievous  hands  of  visitors  (who  then,  as  now, 
doubtless  displayed  an  irresistible  impulse  to  handle  everj- 
accessible  object),  the  specimen  must  certainly  have  shown 
marked  signs  of  wear  and  tear.  Anyway,  if  we  may 
judge  by  the  fact  that  the  jaws  and  teeth,  which  had 
been  mounted  in  the  skin,  were  sold  by  the  Museum  to 
the  Royal  College  of  Surgeons  in  I8U9,  the  specimen 
apjjears'to  have  been  destroyed  early  in  the  last  century. 
The  aforesaid  jaws  and  teeth  are  still  preserved  in  the 
Museum  of  the  College  of  Surgeons. 

Although  many  years  later  a  female  skin,  presented  by 
the  Admiralty,  was  mounted  and  exhibited,  from  the  date 
of  the  destruction  of  Lord  Anson's  specimen  the  British 
Museum  till  quite  recently  had  no  example  of  either  skin 
or  skeleton  of  an  adult  male  of  this  giant  seal  to  show  the 
public.  The  deficiency  has  been  made  good  by  the  gene- 
rosity of  Mr.  Walter  "Rothschild,  and  the  mounted  skin 
and  skeleton  of  two  nearly  adult  males  are  now  exhibited 
in  the  same  case.  Unfortunately,  the  taxidermist  has  not 
been  as  successful  as  he  might  have  been  in  the  mounting 
of  the  skin,  but  nevertheless  the  specimens  sufiice  to  convey 
an  adequate  idea  of  the  huge  bulk  of  the  creature,  and  the 
leading  peculiarities  of  its  form. 

It  may  be  mentioned  here  that  Anson's  figure  and 
description  afforded  to  Linnaeus  his  only  knowledge  of  the 
species,  and  upon  this  evidence  was  established  his  Phoca 
leonina,  the  specific  title  being  the  equivalent  of  Anson's 
"  sea-lyon."  As  the  real  sea-lions  are  totally  different 
animals — eared-seals,  in  fact — it  is  a  great  pity  that  this 
name  was  ever  given,  but,  as  being  the  earliest,  it  has  to 
stand,  and  cannot  be  replaced,  as  proposed  by  some  writers 
by  the  more  appropriate  elephant iiia.  As  the  elephant-seal 
differs  very  widely  from  the  common  seal  and  its  immediate 
relatives,  it  could  not,  of  course,  with  the  advance  of  zoo- 
logical science,  be  suffered  to  remain  in  the  same  genus, 
an°d  it  accordingly  now  typifies  a  group  by  itself  imder  the 
name  of  Macrorhinns  leonintnt. 

The  generic  title  Macrorhinn.^  refers  to  the  most  dis- 
tinctive feature  of  the  species,  the  peculiar  trunk-like  form 
of  the  muzzle  of  the  old  males.  Not  only  do  the  male  and 
female  elephant-seal  differ  in  regard  to  the  form  of  the 
muzzle  (the  trunk  being  undeveloped  in  the  last-named 
sex),  but  there  is  also  a  vast  inferiority  in  the  size  of  the 
latter  as  compared  with  the  former.  So  marked,  indeed, 
is  this  discrepancy,  that  an  early  observer  is  stated  in 
Weddell's  "Voyage"  to  have  mistaken  the  two  sexes  for 
mother  and  young. 

From  the  testimony  of  old  "  beach-combers"  and  otheis 
who  have  hunted  them  in  their  native  haunts,  it  seems 
evident  that  the  dimensions  now  attained  by  sea-elephants 
fall  far  short  of  those  reached  in  the  old  days,  when  they 
abounded  on  the  islands  of  the  South  Seas,  and  were  per- 
mitted to  grow  to  their  full  size.  In  the  majority  of  text- 
books twenty  feet  is  given  as  the  length  of  the  species ; 
but  it  is  definitely  known  that  specimens  at  the  present 


4,4, 


KNOWLEDGE. 


[Februaby,  1903. 


day  frequently  reach  or  exceed  this  length,  and  as  none 
of  these  (as  exemplified  hy  the  condition  of  the  bones  in 
the  British  iluseum  and  other  skeletons  received  of  late 
years  in  England)  appear  to  be  fully  adult,  it  seems 
well-nigli  certain  that  old  bulls  must  have  grown  to  much 
greater  size.  ProbaV)ly  twenty-five  feet  would  not  be  an 
undue  estimate  for  the  length  of  au  adult  male,  and  it  is 
far  from  improbable  that  close  upon  thirty  feet  may  have 
been  reached  in  some  cases. 

Among  the  favourite  haunts  of  the  elephant-seal  were 
the  islands  of  the  Crozet  group,  Kerguelan,  and  St.  Paul, 
in  the  Indian  Ocean,  as  well  as  Heard  Island.  In  the 
South  Atlantic  these  monsters  formerly  abounded  on 
Tristan-da-Cunha,  and  nearer  the  American  coast  they  are 
again  met  with  further  south  on  the  Palklands,  South 
Georgia,  and  the  South  Shetlands.  On  the  eastern  side  of 
the  Pacific  they  occur,  as  recorded  by  Lord  Anson,  on  Juan  j 
Fernandez,  and  thence  by  way  of  the  Marquesas  to  the  j 
Macquarrie  and  other  islands  south  of  New  Zealand,  where 
the  British  Museum  specimens  were  obtained.  They  were 
likewise  common  on  the  coasts  of  Tierra  del  Fuego  and 
Southern  Patagonia ;  and  the  occurrence  of  the  isolated 
colony  north  of  the  equator  in  California  has  been  already 
mentioned. 

The  trunk-like  muzzle  of  the  old  bull  sea-elephant,  like 
the  sac  on  the  crown  of  the  head  of  its  relative  the  bladder- 
seal,  is  capable  of  inflation  during  periods  of  excitement, 
but  at  other  times  is  small  and  relatively  inconspicuous. 
Probably  it  is  only  when  the  animals  are  on  shore,  and 
more  especially  during  the  breeding  season,  that  the  trunk 
is  inflated  to  its  full  extent.  The  sketch  in  Lord  Anson's 
"  Yoyage,"  although  true  to  nature  in  some  respects,  is  in 
many  ways  a  caricature,  and  it  is  only  of  late  years  that- 
photographs  have  been  obtained  showing  the  true  form  of 
the  animal.  From  these  it  appears  that  when  on  land  the 
old  bulls  are  in  the  habit  of  supporting  the  fore  part  of 
the  body  on  the  front  flippers  and  raising  the  neck  and 
head,  into  a  nearly  vertical  posture,  so  that  the  latter  is 
fully  six  feet  above  the  ground.  When  the  trunk  is 
inflated  to  its  fullest  extent,  the  mouth  is  opened,  and  the 
animal  emits  a  succession  of  terrific  roars,  which  may  be 
heard  for  miles. 

In  using  its  front  flippers  as  a  means  of  support  to  this 
extent,  the  elephant-seal  is  quite  unlike  the  rest  of  the 
earless  seals,  and  resembles  the  sea-lions  and  sea-bears. 
It  also  agrees  with  the  latter  group  in  the  great  superiority 
of  the  males  to  the  females  in  point  of  bodily  size.  A 
thii'd  point  of  resemblance  between  elephant-seals  and 
eared-seals  is  shown  by  their  breeding  habits,  which  are 
in  many  respects  similar.  On  the  Crozet  Islands,  for 
example,  where  they  an'ive  about  the  middle  of  August, 
the  old  bulls  secure  a  station  for  themselves.  They  do 
not,  however,  pass  any  long  period  without  taking  food, 
neither  do  they  collect  "harems"  for  themselves  after 
the  manner  of  the  sea-bears  and  sea-lions ;  the  females 
selecting  a  station  for  themselves  some  distance  away. 
Soon  after  landing  the  females  give  birth  to  their  young, 
which  are  at  first  black,  and,  although  there  is  some 
discrepancy  between  different  accounts,  it  seems  probable 
that  both  sexes  remain  with  their  offspring  till  tlie  latter 
are  ready  to  enter  the  sea,  which  they  usually  do  when 
about  six  or  seven  weeks  old.  When  they  have  once  taken 
to  a  maritime  life  the  young  sea-elephants  are  said  to 
grow  at  a  prodigious  rate;  and,  indeed,  unless  they  take 
many  years  to  attain  full  maturity,  this  must  necessarily 
be  the  case. 

As  just  indicated,  the  few  accounts  that  have  been  given 
of  the  breeding  habits  of  these  seals  by  no  means  accord 
with  one  another,  and  this  is  the  more  to  be  regretted 
since,  owing  to  the  comparative  scarcity  of  the  species  at 


the  present  day,  it  is  very  unlikely  that  an  authentic  his- 
tory will  ever  be  given  to  the  world. 

The  extermination  of  this  giant  seal,  so  far  as  it  has  as 
yet  gone,  is  a  sad  story,  accompanied  as  it  is  by  details  of 
revolting  and  fiendish  cruelty.  In  the  eighteenth  and  the 
early  part  of  the  nineteenth  century  these  seals  were  met 
with  in  thousands  on  most  of  their  island  haunts  as  well 
as  on  the  shores  of  Patagonia,  but  the  ease  with  which 
they  could  be  killed,  and  the  value  of  their  hides  and  oil, 
soon  led  to  a  vast  reduction  in  their  numbers;  and  in  many 
of  their  old  breeding-places,  such  as  the  Falklauds,  they 
are  either  very  scarce  or  are  altogether  exterminated.  On 
Heard  Island  they  still  survive  in  considerable  numbers 
owing  to  the  difficulty  of  gaining  ;w;cess  to  their  favourite 
breeding-ground,  to  reach  which  from  the  shore  two 
glaciers  have  to  be  crossed.  The  difficulty  of  removing 
the  oil  and  hides  from  such  a  locality  has,  however,  been 
to  a  considerable  extent  overcome  by  driving  the  seals  to 
sea  during  stormy  weather,  when  they  are  compelled  to 
seek  an  easier  landing-place.  In  the  Macquarrie  Islands 
elephant-seals  appear  to  l>e  still  obtained  in  considerable 
numbers,  but  the  difficulty,  or  impossibility,  of  obtaining  a 
fully  adult  male  tells  its  own  tale  as  to  the  persecution  to 
which  the  species  is  subject ;  and  it  is  only  too  palpable 
that  long  before  the  middle  of  the  present  century  elephant- 
sealing  wiU  have  been  abandoned  as  an  unprofitable  trade ; 
but  by  that  time  v;e  shall  really  be  living  in  an  im- 
poverished world,  so  far  as  large  animals  are  concerned. 


Conducted  hi/  M.  I.  Cross. 

NOTES  OX  THE    COLLECTIOX,  EXAMINATIOX  AXD 

MOUXTIXG  OF  MOSSES  AXD   LIVERWORTS. 

By  T.  H.  RcssELL. 

The  following  notes,  which  simply  represent  the  conclusions 
drawn  from  a  good  many  years'  practical  observation  and 
experience,  and  do  not  pretend  to  anything  more  abstruse  or 
scientific,  are  written  in  the  hope  that  they  may  not  only  prove 
of  service  to  others  interested  in  the  above  fascinating  little 
plants,  but  may  also  be  the  means  of  ehcibing  further  informa- 
tion on  the  subjects  of  which  they  treat  from  those  whose 
researches  have  been  more  extensive  than  my  own.  For  the 
sake  of  convenience  I  shall  only  directly  refer  to  mosses,  though 
all  that  I  fiave  to  say  will  apply  equally  to  the  liverworts. 
I. — Collection"  and  Examination. 

The  appliances  for  the  collection  of  specimens  are  simple  in 
the  extreme.  For  many  years  I  have  been  in  the  habit  of 
putting  the  material  gathered  in  the  field  into  old  envelopes 
that  have  been  cut  open  at  the  narrow  end  instead  of  at  the 
side.  Xot  only  do  these  form  the  most  convenient  pockets  for 
the  purpose,  but  notes  can  be  made  on  them  at  the  time,  of  the 
date  and  locality,  when  and  where  the  plants  were  found,  and 
rough  memoranda  may  be  added  afterwards  of  any  special 
features  of  interest  that  present  themselves  on  a  closer  examina- 
tion of  the  contents,  and  that  need  elucidation.  A  bundle  of 
these  envelopes,  with  a  fairly  strong  magnifying-glass,  an  old 
knife,  and  a  pair  of  forceps  constitute  my  usual  outfit,  and  are 
kept  ready  for  use  in  a  small  satchel,  which  serves  as  a  receptacle 
for  the  envelopes  when  filled.  The  forceps  are  useful  for 
detiiching  plants  from  their  surrounding  earth,  an  operation  that 
can  often  be  best  performed  when  they  are  freshly  gathered. 
On  reaching  home  the  envelopes  that  have  been  used  are  placed 
in  a  warm  room,  in  an  upright  posilim,  and  with  the  ends 
opened  as  widely  as  possible  so  as  to  admit  air,  and  thus  to  allow 
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the  specimens  inside  to  dry,  a  matter  of  no  small  moment  if 
the  risk  of  mildew  is  to  be  avoided.  After  standing  thus  for  a 
few  days  the  envelopes  can  be  safely  folded  over  at  the  ends 
and  put  away  until  a  convenient  opportunity  occurs  for 
examining  the  contents,  when  soakins;  in  hot  water  will  speedily 
restore  the  plants  to  their  original  freshness,  though  not,  of 
course,  to  life.  The  ease  with  which  mosses  can  in  this  way  be 
revived  for  examination  constitutes,  to  my  mind,  one  of  the 
chief  attractions  which  this  branch  of  botanical  research  offers 
to  anyone  in  search  of  a  hobby,  for  while  the  gathering  of 
specimens  forms  a  healthy  out-door  occupation  for  all  seasons 
of  the  year,  and  adds  immensely  to  the  pleasure  and  interest  of 
a  ramble  in  the  country,  their  examination  and  mounting  may 
be  deferred  for  any  length  of  time,  and  will  provide  the  most 
pleasurable  recreation  by  the  fireside  in  the  long  winter  evenings, 
and  will  bring  back  the  memory  of  many  a  happy  day  in  the 
woods  and  fields. 

The  nature  of  the  apparatus  used  in  the  examination  of 
specimens  will,  to  a  large  extent,  depend  upon  the  views  and 
means  of  the  student.  A  microscope  of  some  kind  is  essential 
if  the  study  is  to  be  followed  up  with  any  degree  of  thorough- 
ness, though  much  good  work  may  be  done  with  a  comparatively 
inexpensive  instrument  ;  at  the  same  time  it  is  no  doubt  true 
that,  within  certain  limits,  the  better  the  implement  the  better 
the  results  to  be  obtained  by  its  use.  My  own  experience  would 
lead  me  to  say  that,  if  the  funds  will  allow,  the  binocular  model 
is  greatly  to  be  preferred  to  the  monocular,  if  only  on  account 
of  the  saving  of  strain  to  the  eyes  that  is  thereby  effected. 
Objectives  of  high  power  are  seldom  required  ;  I  generally  work 
with  2  in.,  1  in.,  and  i  in.  lenses,  to  which  may  be  added  a  .3  in., 
which  is  especially  useful  in  the  exhibition  of  slides.  To  prepare 
specimens  for  examination  or  for  mounting,  some  form  of 
dissecting  microscope  is  practically  a  necessity.  For  many  years 
I  used  an  ordinary  magnifying-glass,  of  low  power,  fixed  in  a 
light  metal  frame,  at  one  end  of  which  was  a  small  collar,  which 
slipped  over  a  screw  fixed  in  an  upright  position  in  a  small  metal 
stand,  and  provided  with  a  nut  by  means  of  which  the  lens 
could  be  fixed  in  a  horizontal  position  at  any  required  height, 
and  this  simple  expedient  is  still  often  very  serviceable.  As  a 
rule,  however,  I  now  employ  the  more  modern  binocular  form 
of  dissecting  microscope,  which  is  also  of  the  greatest  assistance 
in  mounting.  For  soaking  the  mosses  in  hot  water  I  have  found 
nothing  so  handy  as  the  small  china  saucers,  made  in  different 
sizes,  and  sold  by  artists'  colourmen.  For  dissecting  purposes 
ordinar}'  sewing  needles  set  in  cedar  pen-holders  are  useful  in 
the  more  delicate  work,  and  it  is  well  to  have  one  or  two  bent 
at  an  angle  to  the  holder,  for  the  purpose  of  altering  the  position 
of  objects  under  examination  after  the  cover-glass  has  been  put 
on  ;  these,  moreover,  will  be  found  invaluable  in  subsequent 
mounting  operations.  In  order  to  bend  a  needle  into  almost 
any  form  it  is  only  necessary  to  heat  it  in  a  spirit  lamp  to  a  red 
heat,  and  then  plunge  it  into  water,  this  will  render  it  soft  and 
pliable.  The  best  dissecting  implements,  however,  for  ordinary 
work  that  I  know  of  are  made  by  fixing  glovers'  needles  into 
handles  in  the  above  manner.  I  use  Mogg  &  Co.'s  glovers' 
needles.  No.  4.  They  can  be  obtained  at  a  small  cost  at  any 
drapers,  and  are  not  only  ])rovided  with  a  fairly  good  point,  but 
are  ground  with  three  flat  faces,  thus  giving  as  many  cutting 
edges,  by  the  help  of  which  the  specimen  can  be  most  effectually 
prepared  for  examination  and  mounting.  A  pair  or  two  of 
forceps  (one  with  curved  ends),  a  pair  of  small  scissors,  a  small 
camel's-hiiir  brush,  and  one  or  two  small  lancets  will  practically 
complete  the  implements  required  for  all  ordinary  dissecting, 
to  which  must  be  added,  for  the  pur])ose  of  microscopical 
examination  and  subsequent  mounting,  a  stock  of  the  usual 
glass  slips  (.3  in.  by  1  m.),  and  a  few  sizes  of  cover-glasses. 
With  many  of  the  larger  mosses  the  square  cover-glass  (J  in. 
and  :l  in.)  is  best,  as  it  gives  more  mounting  surface,  while  for 
the  mounting  of  pieces  of  moss  of  considerable  size,  cover- 
glasses  that  are  specially  large  should  be  procured. 
(  To  he  cnnlhiued. ) 


PHOTODRAPHY    OF    OPAQUE    OBJECTS. 
By  Fkedekick    No.vd    Ci,.\rk. 

(Cimlinueil  from  pa/je  20. j 
Perhaps  the  most  useful  all-round  objective  for  this  work  is 
the    2-inch  ;    a  lower   power  than   this  we   have  found  of   no 


advantage  when  depth  of  focus  is  an  object.  The  use  of  a  stop 
in  the  form  of  an  iris  diaphragm  or  a  Davis'  shutter  is  some- 
times necessary,  it  being  fitted  just  above  the  objective.  This 
will  increase  the  depth  of  focus  when  photographing  spherical 
objects  or  those  lying  in  different  planes  ;  but  the  expo.sure  is 
necessarily  prolonged. 

A  plate  giving  the  maximum  amount  of  density  is  necessary. 
For  this  purpose  any  of  the  well-known  makes  of  isochromatics 
are  best.  They  must  invariably  be  "backed."  The  developer 
should  be  dilute,  and  if  pyro-soda  is  used  (which  we  recommend) 
the  pyro  should  be  used  sparingly.  Development  ought  to  be 
slowly  carried  on  to  full  density,  the  aim  being  to  obtain  a 
negative  with  plenty  of  contrast,  without  blocking  of  the  high 
lights.  It  is  to  give  this  effect  that  the  backed  plate  is  so 
essential. 

As  to  length  of  exposure  no  exact  information  can  be  given. 
As  a  rough  guide  it  has  been  found  that  using  a  2-inch  objective 
with  direct  illumination  by  means  of  .the  bull's  eye  from  a  good 
paraffin  lamp  with  a  1-inch  wick,  the  exposure  at  20  diameters 
will  vary  from  2  to  ?>  minutes  according  to  the  colour  of  the 
object  ;  a  white  object  naturally  requiring  a  less  exposure  than 
a  darkly-coloured  one.  As  further  examples  we  may  mention 
those  of  Forarainifera  at  8  diameters  with  a  2-inch  requiring 
30  seconds  exposure,  whilst  Polycistina  at  -t')  diameters  and  a 
1-inch  objective  required  .'^0  minutes. 

When  photographing  objects  too  large  for  the  field  of  a 
micro-objective,  lenses  of  the  Planar  type  will  be  found  con- 
venient. These,  in  conjunction  with  a  long-extension  camera, 
will  give  a  magnification  of  from  2  to  10  diameters. 

The  eggs  of  insects,  particularly  those  of  the  Lepidoptera, 
lend  themselves  admirably  to  photography.  Especially  suitable 
are  those  of  the  Lycaenida;,  or  blue  butterflies,  their  small  size 
and  elaborate  structure  rendering  them  most  beautiful  objects 
for  opaque  photography. 

We  would  impress  upon  the  worker  tbe  advisability  of  photo- 
graphing these  objects  at  the  same  nngnification  whenever 
possible,  in  order  to  give  a  proper  idea  of  their  relative  sizes. 
Two  or  more  aspects  of  the  same  object  are  sometimes  desirable, 
as  in  the  case  of  ova,  where  an  upright  and  a  lateral  view  are 
frequently  of  importance. 

Many  other  subjects  for  opaque  photography  might  be  men- 
tioned, such  as  the  hairs  and  seeds  of  botanical  specimens,  fern 
spores  and  micro-fungi,  whilst  some  of  the  larger  Diatoms, 
Foraminifera,  and  Polycistina  are  eminently  suitable  for  this 
class  of  work. 


WoRKlxu  WITH  A  PoLARiscoPE. — The  number  of  micro- 
soopists  who  use  the  polariscope  for  scientific  work  is  exceed- 
ingly limited,  by  comparison  with  those  who  find  in  this 
adjunct  a  never-failing  source  of  pleasure  and  variety,  but 
whether  it  be  used  for  colour  effects  or  for  scientific  observa- 
tions, there  can  be  but  one  opinion  as  to  the  disadvantages  pro- 
duced by  the  prisms,  and  particularly  when  the  analyser  is  used 
over  the  eyepiece.  It  seems  well-nigh  impossible  to  get  a  prism 
of  moderate  size  which  will  fill  the  whole  field  of  the  eyepiece, 
and  there  is  invariably  a  disagreeable  dark  patch  on  the  margin 
of  the  field.  Further,  the  necessity  of  working  with  the  eye 
some  distance  from  the  eyepiece  lens  reduces,  in  some  measure, 
the  sharpness  of  effect. 

In  a  lesser  degree,  the  polarising  prism  interferes  with  the 
best  performance  of  the  substage  condenser,  and  working  is 
))ractically  limited  to  condensers  having  small  lenses,  otherwise 
the  prism  would  act  as  a  diajihragm. 

Mr.  E.  M.  Nelson  communicated  a  sjiecial  note  on  this  sub- 
ject to  the  April  (l',)02'l  .hntrmil  of  the  It'oyal  Mirro.tcopifal 
Soc'etj/,  and  therein  indicated  the  advantages  of  using  tour- 
malines instead  of  prisms. 

One  tourmaline  (which  need  not  be  of  best  quality),  measuring 
about  4/ 10th  by  ('>/ 10th,  should  be  mounted  in  a  metal  screen, 
with  an  aperture  of  such  a  size  as  to  prevent  any  light  passing 
from  the  lam|i,  except  through  the  tourmaline.  This  screen 
may  be  held  on  a  separate  stand,  or  in  an  extra  frame  attached 
to  the  lamp  chimney.  This  would  act  as  the  polariser,  and  the 
image  of  the  lamp  flame  could  be  focus.sed  with  the  condenser, 
in  the  usual  manner.  Auother  tourmaline,  wliich  must  be  as 
perfect  as  can  be  obtained  of  "smoky  tint,  with  the  slightest 
dash  of  pink."  is  fitted  over  the  eyepiece.  With  this  in  use,  the 
best  ett'ects  obtainable  with  the"  polariscope  will  be  obtiiined, 
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the  highest  powers  can  be  used,  and  no  deterioration  in  defini- 
tion will  result.  Those  who  may  not  think  it  necessary  to  go 
so  far  as  is  here  sngarested.  may  with  advantage  fit  a  tourmaline 
over  the  eyepiece  only  to  act  as  the  analyser,  and  this  will  polarise 
perfectly  well  in  conjunction  with  a  prism  in  the  substage. 

Tourmalines  have  not  been  generally  employed  on  account 
of  the  difhculty  of  securing  suitable  pieces  and  the  high  cost  of 
such  ;  but  if  a  general  demand  were  to  arise  there  is  no  doubt 
that  with  an  effort  it  could  be  met.  It  should  be  emphasised 
that  the  plate  used  over  the  eyepiece  if  at  all  thick  or  dark  will 
materially  diminish  the  brightness  of  the  image.  Poor  tour- 
mahnes  will  polarise,  but  without  that  brilliance  which  adds  to 
the  beanty  of  the  effects. 

Mr.  Nelson  particularly  points  out  that  an  apochromatic 
condenser  should  not  be  used  in  polariscopic  work,  because  the 
fluorite,  which  is  used  in  its  construction,  will  also  be  polarised. 

NOTES  AND   QUERIES. 

J.  nnh.—Ur.  Mason,  of  69,  Park  Road,  Clapham,  S.W., 
supplies  specimens  ready  prepared  for  mounting.  If  you 
applied  to  him  for  a  list  you  would  no  doubt  be  able  to  obtain 
what  you  required. 

P.  B.  Gray. — It  is  almost  impossible  to  identify  the  specimen 
you  describe  and  sketch  without  actually  seeing  it,  but  it 
probably  is  Anohium  paniceum.  This  is  a  common  pest  in 
stores,  &c. 

General  Warrand. — The  specimen  you  describe  and  sketch 
is  no  doubt  the  test  of  the  Rhizopod  Arrellii  ruJi/uris  or 
A .  dhcoides.  The  best  cement  to  attach  ordinary  glass  cells  to 
slides  is  either  gold  size,  HoUis's  glue,  or  Miller's  cement.  The 
]>ermanence  of  the  preparations  depends  on  the  finishing  varnish 
which  you  use.  Mr.  Rousselet  has  given  many  years  of  experi- 
ment to  this  particular  subject,  and  he  now  recommends  that 
the  clo-sing  of  the  cell  should  be  first  with  a  coat  of  a  varnish 
consisting  of  two-thiius  damar  in  benzole  and  one-third  gold 
size,  then  two  coats  of  pure  shellac  dissolved  in  alcohol,  and 
finally  four  to  six  coats  of  pure  gold  size.  Each  layer  of 
cement  must  be  allowed  to  dry  thoroughly  well  ;  three  days  for 
each  layer  is  not  too  long. 

W.  D.  Dade. — The  specimens  of  which  you  send  a  sketch  for 
identification  are  probably  Heiniophryu,  henedeti/  Fruip.  It 
appears  to  be  a  salt-water  Infusorian. 

ir.  P. — The  most  complete  work  for  naming  Diatoms  is 
Schmidt's  Atlas.  This  has  been  published  in  separate  parts, 
which  now  number  sixty.  The  value  of  this  work  is  between 
£l;i  and  HiO,  according  to  its  state  of  preservation.  A  less 
expensive  book  is  Van  Heurck's  "  The  Study  of  Diatomaceae," 
translated  by  Mi'.  Wynne  E.  Baxter.     The  price  of  this  is  .'lOs. 

J.  E.  Storei/. — It  is  almost  impossible  to  indicate  in  print 
tests  for  objectives  of  larger  aperture  such  as  you  possess, 
because  some  workers  are  able  to  do  so  much  more  with  their 
lenses  than  others,  and  it  would  probably  happen  that  you 
would  still  be  in  possession  of  good  objectives  even  if  you 
could  not  accomplish  the  same  work  as  others.  Experienced 
workers  can  usually  form  a  verj-  accurate  opinion  of  a  lens 
with  simple  rather  than  extreme  tests,  but  it  would  be 
impossible  to  give  reasons  for  deductions  in  a  reply  such  as 
this.  Perhaps  some  reader  may  know  the  refractive  indices  of 
Farrant's  medium,  glycerine  jelly,  and  acetate  of  copper 
solution. 

Rev.  S.  R.  Craig. — Notes  from  time  to  time  appear  on  photo- 
micrography, and  an  attempt  is  being  made  at  present  to  give 
hints  on  aspects  of  the  subject  which  are  not  nsnally  treated. 
I  may  be  glad  of  the  loan  of  your  photographs  at  a  subsequent 
date. 

W.  H. — To  mount  vinegar  eels  {AnguiUula  aceti)  add  a  little 
chloroform  to  the  vinegar  to  kill  the  eels.  When  the  eels  have 
settled  to  the  bottom  of  the  bottle,  pour  off  the  vinegar,  and 
add  camphor  water  or  carbolized  water.  Mount  in  a  shallow 
cell  in  the  same  fluid. 

Consultants. —  I  shall  be  very  glad  of  the  assistance  of  a 
reader  in  the  naming  of  polyzoa,  algae,  etc. 

Communications  and  enquiries  on  Microscopical  matters  are 
cordially  invited,  and  should  he  addressed  to  M.  I.  CROSS, 
Knowledge  Office,  326,  High  Holborn,  W.C. 


NOTES   ON   COMETS   AND   METEORS. 

By  W.  F.  Denning,  f.r.a.s. 
PBREiNg's  Comet  (1902  b). — This  comet  will  be  visible  in  the 
evening  sky  before  luoonrise  on  February  !•'!  and  ensuing  nights. 
Towards  the  end  of  the  first  week  in  Mnreh  moonlight  will  obliterate 
the  object,  and  it  will  Imrdly  be  seen  again  in  ordinary  telescopes 
owing  to  its  rapid  decline  in  apparent  brightness.  At  about  the 
middle  of  February  the  comet  souths  soon  after  9  p.m..  but  will  be 
only  some  15  degrees  above  the  horizon  at  Greenwich.  Moving  rather 
quickly  to  the  north-west  it  will  south  at  about  8  p.m.  on  February 
27,  at  an  altitude  at  about  25  degrees.  Its  approximate  path  amongst 
the  star^  of  Canis  Major  is  shown  on  the  following  diagram.  A  little 
sweeping  in  the  position  indicated  will  probably  reveal  the  comet  as 
an  eloilgated  nebidous  object  of  about  the  same  apparent  brightness 
a«  when  first  discovered  on  the  morning  of  September  1  last. 


Path  of  Perrine's  Comet  (1902  B).  1903,  February  11,  to  March  7. 
GiACOBiNi's  Comet  (1902  n). — This  comet  will  be  somewhat 
brighter  than  in  preceding  months,  though  still  very  inconspicuous. 
Its  favourable  position  in  the  heavens  will  enable  it  to  be  well 
observed  during  the  last  half  of  February.  On  December  30,  as 
viewed  in  a  10  inch  reflector  by  the  writer  at  Bristol,  the  comet 
appeared  about  magnitude  1 1  and  30"  in  diameter.  The  following  is 
an  epheraeris  : — 

E.A. 


Date 

1903. 

January     26 

February  11 

27 

March        15 


Dec. 


April 
May 


16 


M. 

M. 

s. 

" 
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43 
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12 

13 
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6 

35 
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22 

36 
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6 

42 
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26 

42 

1-29 

6 

oo 

12 

29 

59 

108 

7 

14 

8 

32 

27 

0-90 

7 

37 

50 

34 

13 

0-77 

The  Gkeat  Meteorite  of  Siir.\LOA,  Mexico. — An  interesting 
description  of  a  visit  to,  and  analysis  of,  this  object  is  given  by  Mr. 
H.  A.  Ward,  of  Rochester,  New  York,  in  the  American  Geologist  for 
October  last.  The  great  meteorite  lies  on  a  farm  about  seven  miles 
due  south  of  Baeubirito.  an  old  mining  town  on  the  Eio  Sinaloa,  in 
latitude  26°,  longitude  107°  W.  The  meteorite  is  described  as  "  a, 
long  monstrous  boulder  of  black  iron,  which  seemed  to  be  still  burrow- 
ing to  hide  itself  from  the  upper  world."  By  the  aid  of  28  men  the 
object  was  uncovered  and  found  to  be  13  ft.  !  in.  long,  6  ft.  2in  wide 
and  5  ft.  4  in.  ihicli.  Mr.  Ward  concluded  that  this  body  is  the 
largest  and  heaviest  of  its  kind  known  to  exist  on  our  globe,  and 
estimates  its  weight  as  50  tons.  A  piece  weighing  11  pounds  was 
detached,  and  on  being  polished  and  etched  the  Widmanstatten 
figures  were  exliibited  in  a  beautiful  manner.  Prof.  J.  E.  Whitfield, 
of  Philadelphia,  gives  an  analysis  as  follows  :  — 

Jjpecific  Gravity       7'69 

Iron  ...  88-944  I  Sulphur  ...  0005 
Nickel  ...  6-979  Phosphorus  ...  0154 
Cobalt    ...       0-211  Silica        trace. 
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The  Leonids  of  1902. — These  meteors  were  keenly  awaited  at 
many  of  tlie  principal  observatories  in  Ameriea,  but  apparently  with 
very  little  success.  Cloudy  weather  seems  to  have  been  very  prevalent 
and  to  have  practically  effaced  the  display  at  most  stations,  while 
at  other  places  where  partial  observations  could  be  taken  there  was 
no  evidence  of  an  abundant  shower.  Very  few  complete  reports 
appear,  however,  to  have  been  published,  and  the  esplanation  seems 
to  be  that  the  sky  presented  very  little  considered  worthy  of  record. 
At  Dublia  Mr.  J.  R.  Henry  notieel  no  Leonids  before  midnight  on 
iXoyember  14,  though  a  small  fireball  appeared  at  lOh.  oom.,  passing 
from  the  direction  of  Orion  to  a  few  degrees  above  and  beyond  Castor. 
On  November  17  the  same  observer  counted  8  or  10  shooting  stars 
between  the  hours  of  14  and  15.  flashing  from  the  constellation  Leo. 
Some  of  these  objects  were  probably  true  Leonids,  for  though  the 
date  appears  somewhat  late  for  an  active  return  of  this  stream,  it  is 
certain  that  Leonids  are  occasionally  distinguished  until  the  end  of  the 
third  week  in  November. 

Moonlight  and  clouds,  which  in  a  great  measure  marred  the  Leonid 
display,  appear  to  have  equally  interfered  with  the  Geminids.  Indeed, 
very  few  meteors  could  be  discerned  in  the  gloomy  and  frequently 
overcast  skies  of  December.  The  year  generally  will  be  remembered 
as  one  singularly  unfavourable  for  meteoric  work,  and  as  retaining  this 
character  right  up  to  the  end. 


THE  FACE  OF  THE  SKY  FOR  FEBRUARY. 

By  W.  Shacklkton,  f.b.a.8. 

The  Sun. — On  the  1st  the  sun  rises  at  7.43  and 
sets  at  4.45 ;  on  the  28th  he  rises  at  6.52  and  sets 
at  5.34. 

Small  groups  of  sunspots  may  be  expected. 

The  Moon: — 


Phases. 

h.    m. 

Feb.    5 

S    First  Quarter 

10    13   A.M. 

„     12 

O  Full  Moon 

0  58  A.M. 

„     19 

<[    Last  Quarter 

6  23  A.M. 

„     27 

%  New  Moon 

10    20    A.M. 

The  moon  is  in  perigee  at  1  p.m.  on  the  10th,  and  in 
apogee  at  1  p.m.  on  the  22ud. 

OccuLTATiONs. — The  following  are  the  principal  occul- 
tations  visible  at  Greenwich  : — • 


t3 
1 

Disappearance. 

Beappearance. 

1 

«  a 

1.2 

a 
Is 

St, 

la 

a  . 

S!U 

a 

<1 

< 

s 

h.  m. 

o    ,     o 

h.  in. 

o         o 

d.  h. 

Feb.  6 

S»  Tauri 
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9  «  P.M. 

37 

5 

10  30  P.M. 

S15  1  278 

9    5 

,,      7 

115  Tauri 

5-4 

10  43  p.m. 

12.i 

»2 

11  40  P.M. 

240     201 

10     S 

„      9 

A  Geminorura 

:)•() 

3  .56  P.M. 

7.'> 

11.5 

4  49  p.m. 

291  !  331 

11  2:! 

.,       9 

68Geminorimi 

h-» 

11  21  P.M. 

126 

lOil 

0  2.5  a.m. 

260  1  231      12    7 

..   u 

U  Leonis 

hi, 

il  30  P.M. 

74  !  lot 

10  27  P.M. 

322  I  34.3  .  14    5 

„   u 

V  Leoiiis 

4-i 

■4  17  A.M. 

141 

113 

5  45  A.M. 

264 

230 

16  12 

The  Planets. — Mercury  is  in  inferior  conjunction  with 
the  sun  on  the  2nd  ;  he  attains  his  greatest  westerly 
elongation  of  20°  58'  on  the  27th,  when  he  rises  about  an 
hour  in  advance  of  the  sun. 

Venus  is  an  evening  star  in  Aquarius.  At  the  beginning 
of  the  mouth  the  planet  sets  about  an  hour  and  a  quarter 
after  the  sun,  whilst  at  the  end  of  the  month  she  sets  two 
hours  after  the  sun.  Near  the  middle  of  the  mouth  the 
semi-diameter  of  the  planet  is  5"-3,  and  the  illniniaated 
portion  of  the  disc  is  095. 

Mars  is  in  Virgo,  rising  about  10  p. si.,  and  therefore 
well  placed  for  observation.  He  is  easily  picked  up  by 
his  brightness  and  ruddy  colour.  On  the  15th,  at  11  p.m., 
the  planet  is  near  the  moon.  Mars  being  8'^  22'  to  the 
north.  The  diameter  of  the  planet  is  11"0,  and  0-94  of 
his  disc  is  illuminated. 


Jupiter  is  unobservable,  being  in  conjunction  with  the 
sun  on  the  19th. 

Saturn  is  a  morning  star,  but  for  all  practical  purposes 
is  out  of  range,  as  he  rises  less  than  an  hour  before  the 
sun. 

Uranus  rises  in  the  early  morning,  about  3  a.m.,  and 
this,  together  with  his  great  southerly  declination  of  23'', 
makes  him  an  unsuitable  object  for  observation. 

Neptune  is  in  Gemini  and  well  placed  for  observation, 
being  visible  throughout  the  night.  As  will  be  seen  bv 
the  chart  given  in  last  month's  issue,  the  planet  is  near 
T)  Geminorum. 

The  Stabs. — The  positions  of  the  principal  constellations 
near  the  middle  of  the  month  at  9  p.m.  are  as  follows : — 
Zenith     .     Auriga. 

South       .     Orion,  Gemini,  Procyon,  Siriiis,  Cetus,  Plei- 
ades,  Taurus    to    the   S.W.,    Cancer   and 
Hydra  to  the  S.E. 
Andromeda,  Aries,  Pisces,  with  Pegasus  and 

Cygnus  to  the  N.W. 
Leo,  Virgo. 

Ursa  Minor,  Draco,  Cepheus,  Ursa  Major  to 
the  right  of  Polaris. 
Minima  of  Algol  occur  at  convenient  times  on  2ud  at 
7.11  P.M.,  20th  at  0.5  a.m.,  22nd  at  8.54  p.m.,  and  25th  at 
5.43  P.M. 


West 


East 
North 


Cf)css  Column. 

By    C.    D.    LococK,    b.a. 


Communications  for  this  column  should  be  addressed 
to  C.  D.  LococK,  Netherfield,  Camberley,  and  be  posted 
bv  the  10th  of  each  month. 


If  1. 
1. 
1. 
1. 
1. 
1. 


Solutions  of  January  Problems. 

No.  25. 

Key -move. — 1.  Kt  to  Q4. 

,  .  K  X  Kt,  2.  B  to  B6ch. 


.  Kt  to  B4,  2.  Q  X  Ktch. 

.  Kt  X  P,  2.  Q  to  Q7. 

.  P  to  Q7,  etc.,         2.  Kt  to  B3ch. 
.  K  to  Q3,  2.  B  to  B4ch.  mate. 

.  Anything  else,  2.  Q  to  Ktjch. 
[There  are  duals,  etc.,  after  all  other  moves  of  the 
Knights,  except  Kt  to  Q4,  also  after  moves  of  the  RP, 
and  any  move  of  the  Bishop  which  does  not  guard  White's 
KB3.  Not  more  than  three  points  Cisn  be  scored  for  duals, 
since  all  of  them  contain  one  of  the  three  combinations. 
(1)  QKGch  and  KtB3ch  ;  (2)  QK6ch  and  QxKtPch;  and 
(3)  QQ7and  Ktl53ch.] 

No.  26. 
Key-move.  —1.  Q  to  Kt3. 


If  1.  ...  K  to  B4. 
1.  .  .  .   K  toKt, 
1.  .  .  .   I'xP, 
1.  .   .  .  P  to  B3, 
1.  ...  P  to  B4. 
1.  .  .  .   Kt  moves, 
Solutions  received  from  " 
G.  A.  Forde  (Capt.),  0,  4; 
7,    4;     "Looker-on,"    7,   4; 


2.  R  to  B5ch. 

2.  Q  to  Q3. 

2.  Q  to  Kt5. 

2.  Q  to  Kt4eh. 

2.  Q  to  Q3. 

2.  Q  to  B3ch. 
Alpha,"  4.  4;  W.  Nash,  7.  4; 
'  W.  Jav,"  7,  4  ;    "  Endirbv," 
A.   H.    E.   (Croydon),   7. '4 ; 


W.  H.  S.  M.,  7.  4;  G.  W.  Middleton.  7,  4;  F.  Rickards,  0,  0 
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"  Tameu,"  5,  4;  "  Quidam,"  4,  4;  J.  W.  Dawsou,  7,4; 
J.  W.  Dixon,  7,  4;    C.  Johnston,  7,  4. 

"  Tamen.'' — Two  out  of  your  four  communications  were 
posted  too  late. 

G.  W.  Middleton. — I  much  regret  the  cause  of  your 
retirement  last  year,  and  am  glad  to  find  that  you  have 
l)een  able  to  resume  solving. 

G.  F.  Todd. — Tour  solutions  were  posted  too  late  to 
count.     It  is  not  in  my  power  to  make  any  exceptions. 

G.  A.  Forde  (Capf.). — 1.  Kt  to  Q8  is  answered  by 
1.  ...  Kt  to  Q4,  the  only  defence. 

F.  Bickards. — By  Kt  to  Q6  I  must  assume  you  meant 
Kt  to  Q8,  since  you  give  as  a  variation  1.  .  .  .  K  to  Q.5, 
without  mentioning  the  capture  of  the  Knight.  Other 
incorrect  variations  confirm  my  suspicions. 

C.  Johnston. — No  cue  is  more  glad  than  the  Chess 
Editor. 


PROBLEMS. 

No.  1. 

By  C.  C.  W.  Sumner. 

Black  (6| 


■^i 


w     - 


White  (S). 

White  mates  in  two  moves. 

No.  2. 
By  A.  Lillio. 

Black  (t\ 


White  (!1) 

White  mates  in  three  moves. 


[This  problem  is  remarkable  for  the  fact  that  its 
composer,  after  the  lapse  of  some  years,  found  himself 
quite  unable  to  solve  it.] 


I  should  be  greatly  obliged  if  solvers  would  in  future 
send  key-moves  only,  omitting,  at  any  rate,  such  variations 
as  are  free  from  duals.  The  solutions  of  two  solvers  this 
month  occupy  some  ten  or  a  dozen  "jjages  of  MS. — 
considerably  more  than  all  the  remainder  put  together. 
In  their  interests,  as  well  as  my  own,  I  shall  hope  for 
some  condensation  in  future. 


PROBLEM   TOURNEY. 

The  following  six  solvers,  none  of  whom  failed  in  more 
than  two  of  the  tourney  problems,  are  eligible  to  serve  on  the 
preliminary  jury,  viz  :  —Messrs.  "  W.  Jay,"  "  Looker-on," 
W.  Nash,  .1.  W.  Dawson,  C  Johnston  and  G.  Woodcock. 
As  the  number  is  very  select,  I  hope  that  all  of  these  will 
be  willing  to  give  their  awards,  which  should  be  posted 
not  later  than  February  22nd.  If,  however,  they  could 
find  it  convenient  to  send  them  with  their  solutions  on  or 
before  the  10th,  I  should  be  much  obliged.  With  a  lighter 
task  before  them  this  mouth,  perhaps  they  could  manage 
this.  Each  list  sent  in  must  contain  six  problems  arranged 
in  order  of  merit.  Brackets  may  be  used  if  desired,  and 
more  than  six  problems  may  be  included,  provided  that  all 
after  the  fifth  are  bracketed  last.  To  a  problem  placed 
first  on  any  list  I  shall  give  10  points,  to  one  placed 
second,  9  points,  and  so  on,  so  that  a  problem  placed  sixth 
will  (apart  from  liraekets)  receive  5  points.  This  appears 
to  me  fairer  than  the  system  of  marking  from  6  down  to 
1  ;  for  on  that  system  a  problem  placed  first  by  a  single 
judge,  and  omitted  by  the  other  five,  would  score  more 
than  a  problem  placed  sixth  on  five  lists.  Whereas  the 
latter  composition  would  clearly  be  of  some  merit,  and  tlie 
exalted  position  of  the  first-mentioned  problem  might  well 
be  due  to  something  accidental  or  extraneous.  The  marks 
awarded  to  each  problem  will  then  be  added  up,  and  those 
six  problems  which  obtain  the  highest  aggregates  will 
alone  be  considered  in  my  final  award.  Should,  however, 
the  next  owe  or  two  come  very  close,  I  should  reserve  the 
option  of  taking  them  into  consideration.  I  have  already 
suggested  that  any  problem  which  has  proved  a  stumbling- 
block  to  any  of  the  "jury"  should  receive  special  attention 
from  its  victim. 

The  result  of  the  Solution  Toubkey  has  not  been 
challenged,  and  now  becomes  final. 


jripts  should  be  addressed  to  the  Editors  of  Knowledge,  326,  High 
Holborn,  London;  theyshould  be  easily  legible  or  typewritten.  All  diagrams 
or  drawings  intended  for  reoroduction,  should  be  made  in  a  good  black 
medium  on  white  card.  While  happy  to  consider  unsolicited  contributions, 
which  should  be  accompanied  by  a  stamped  and  addressed  envelope,  the 
Editors  cannot  be  responsible  for  the  loss  of  any  MS.  submitted,  or  for  delay 
in  its  return,  although  every  care  will  be  taken  of  those  sent. 

Communications  for  the  Editors  and  Books  for  Review  should  be  addressed 
Editors,  KNOwLEnaE,  32a,  High  Holborn.  London. 


For  Contents  of  the  Last  Two  Numbers  of  "Knowledge,"  see 
Advertisement  pages. 


The  yearly  bound  volames  of  Knowledge,  cloth  gilt,  89.  6d.,  post  free. 
Binding  Cases,  Is.  6d.  each ;  post  free,  la.  9d. 

Subscribers'  numbers  bound  (includmg  case  and  Index),  23.  6d.  each  volume. 
Indei  of  Articles  and  mustrationg  for  1891.  1892. 1894,  1895,  1896,  1897,  1898, 
1899,  1900. 1901,  and  l'M2  can  be  supplied  for  3d.  each. 
All  remittances  should  be  made  payable  to  the  Publisher  of  "  Kuowlkdob." 


"Knowledge"    Annual    Subscription,    throughout    the    world, 
7s.  6d.,  post  free. 
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ST.    SOPHU,    CONSTANTINOPLE. 

By  E.  M.  Antoniadi,  f.r.a.s. 

Illustrated  from   orifiituxl  drawings  hi/  the  Author. 

IT. 

The  Innek  Division  op  thk  Chuech. 

The  first  sectiou  of  the  present  study  »ii  the  great  cathedral 
has  dealt  with  its  history  and  outer  appearance,  and  it  is 
now  the  design  of  this,  as  well  as  of  the  two  succeeding 
sections,  to  describe  the  interior ;  starting  with  the  inner 
division  of  St.  Sophia  during  the  858  years  it  remained  in 
the  hands  of  the  Christians. 

To  render  the  argumentation  on  this  suhjoct  intelligible 
it  is  necessary  to  accompany  it  with  a  plan  of  the  church. 
Fig.  4,  which  meets  this  requirement,  is  mostly  the  result 
of  the  writer's  own  direct  measurements,  excejit  for  the 
now  inaccessible  parts  of  the  building,  where  Salzenborg's 
data*  have  been  utilized.     The  plan  further  gives  a  syu- 

*  Altchristlirhe  Baudenkmale  ron  CoiUitantinopel,  Berlin.  1854. 
It  was  not  without  some  rehictunco  that  Salzenberg's  i-eprceentations 
of  the  annexes  now  closed  were  incorponiteil  in  f  if;,  -l,  owiiif;  to  the 
great  unt.ustworthiness  oi  the  German  artist,  who,  although  haying 
liad  unique  opportunities  with  the  scaffolding  and  unveiling  of  the 
mosaics  in  1848,  could  not  avoid,  in  his  plates,  a  aeries  of  ghiring, 
and,  indeed,  unaccouutablo,  architectural  oversights. 


thesis  of  the  results  of  Paul  the  Silentiary,  Constantine 
Porphyrogenitus,  the  Anonymous  Greek  author,  Grelot, 
Neale,  Byzantios,  Lethaby  and  Swainson,  followed  by  the 
writer's  analysis. 

It  should  not  be  assumed  that  the  new  interpretation  of 
the  inner  arrangements  of  St.  Sophia  is  at  all  meant  to  be 
final  or  decisive.  Such  an  inquiry,  it  must  be  remembered, 
treads  on  treacherous  ground,  where  hasty  conclusions  and 
unjustified  assertions  are  particularly  dangerous.  The  plan 
is,  therefore,  at  best,  a  first  approximation,  subject  to  all 
such  modifications  as  would  be  rendered  imperative  by 
further  investigation. 

The  Ambo  or  Pulpit. — In  modem  Greek  churches  the 
pulpit  IB  to  the  left  of  the  nave.  But  this  was  not  its 
original  position  in  the  great  cathedrals  of  the  past. 
According  to  the  poet,  the  Ambo  of  St.  Sophia  stood  "  in 
the  sunshiny  centre  of  the  nave,  but  rather  inclining  east- 
wards." *  Also,  Germanos,  Patriarch  of  Constantinople, 
mentions  that  "the  ambo  stands  in  front  of  the  door  of 
the  sanctuary."  Again,  Symeon  of  Salonica  speaks  of 
"  the  ambo  before  the  bema,"  adding  that  "  it  is  placed 
ojjposite  the  sanctuary,  provided  the  church  is  spacious 
enough  to  allow  of  such  an  aiTangement."t  These 
remarks  leave  no  doubt  as  to  the  position  of  the  pulpit : 
it  was  in  the  middle  of  the  nave,  on  the  great  axis,  but 
decidedly  nearer  the  eastern  wall.  It  must  have  been 
somewhere  under  the  great  arch  to  the  east,  in  the  position 
assigned  to  it  by  Messrs.  Lethaby  and  Swainson, ;}:  and  not 
under  the  central  square  area,  as,  in  that  case,  it  would 
interfere  with  the  circle  of  lamps  hanging  from  the  cornice 
of  the  dome. 

The  Choir  of  Singers  is  described  by  Paulus  as  divided 
into  two  parts,  each  half  "  embraced  "  by  the  two  eastern 
exedras. 

Sanctuary,  Soleas  and  Imperial  Throne. — A  curious 
feature  of  the  ground  floor  to  the  east  is  that,  through 
time  or  intention,  it  no  longer  forms  a  plane  surface.  The 
Bema  or  Sanctuary  is  reached  to-day  by  three  steps  from 
the  west,  and  by  as  many  from  the  south,  but  by  only  two 
on  the  north  side.  The  western  steps,  constituting  the 
Soleas,  §  are  now  approximately  turned  towards  Mecca, 
forming  an  angle  of  some  18°  with  the  minor  axis,||  so 
that  it  is  almost  impossible  to  conjecture  their  original 
design.  Under  such  circumstances,  the  disposition  given 
them  in  the  plan  is  very  uncertain,  although  there  can  be 
no  doubt  that  the  Soleas  was  originally  much  larger  than 
what  it  IS  in  modern  Greek  churches. 

It  would  seem  that  there  always  was  an  Imperial  Throne 
somewhere  about  the  Choir  or  Soleas.  True,  such  a 
throne  is  not  mentioned  l)y  Paulus  in  the  sixth  century, 
nor  by  Porphyrogenitus  in  the  tenth.  But  the  statements 
of  Sozomenus  and  Theophanes  are  eloquent  on  this  point. 
"  The  king's  place  in  the  chui'ch,"  says  the  former  of  these 
authors,  "  is  in  front  of  the  sanctuary,  so  as  to  enable 
him  to  preside,  on  one  side,  over  the  people  and, 
on  the  other,  over  the  priests "  ;  while  Theophanes 
remarks  that  "  the  custom  of  having  the  kings  standing 
outside  the  sanctuary,  with  the  ]>eople.  held  good  "  up  to 
his  time  (9th  century)  It  will  lie  seen  on  the  plan  that 
the  Imperial  Thrime  has  been  placed  by  the  writer  to  the 
south,  in  the  position  of  the  modern  archiepiscopal  throne 

•  Paul  the  Silentiary,  DeseripHo  Ambonis,  verses  50,  51. 
t  Du  Cange,  k?.  Sophia,  §74. 

I  S.  Sopliia,  Fig.  5. 

§  Probably  from  soleum,  a  throne. 

II  The  perpendicular  to  these  steps  does  uot  appear  to  face  >recca, 
whose  azimuth  from  Constantinople  is  331",  so  that  the  faithful, 
praying  in  the  mosqiie,  and  wishing  to  face  the  Kajiba,  ought  to 
iueiine  slightly  to  the  right. 
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of  the  Greeks.  But  it  might  also  have  been  quite  close  to 
the  Sanctuary,  in  the  position  marked  A,  on  Fig.  4,  where 
the  marble  Jocoration  of  the  pier  shows  some  curious 
anomalies,  which  it  is  not  easy  to  account  for  on  the  basis 
of  other  assumptions. 

Meintnrinn. — -The  word  iJ.y)TaTMpiov  seems  to  come  from 
hiiiliifdrliun,  and  meant  a  vestiary.  There  were  several 
Mctatoria  in  St.  Sophia,  but  the  most  important  lay  south 
of  the  Samtuary,  as  ably  pointed  out  by  Messrs.  Lethaby 
and  Swainson.*  Paul  the  Silentiary  speaks  (verses  165- 
l(i8)  of  a  "  wall  "  in  south  aisle,  "  screening  off  the  king 
on  great  feast-days,"  and  enabling  him  "  to  hear,  from  his 
usual  throne,  the  reading  of  the  books  celebrating  the 
holy  mysteries "  ;  while  we  learn  from  Constantine 
Porphyrogenitus  that,  on  attending  service  in  the  tenth 
century,  the  emperor  spent  a  considerable  part  of  his  time 
in  the  Metatorion,  where,  of  course,  there-  must  have  been 
a  throne,  granting  him  some  rest  after  the  numerous 
processions  he  had  to  attend  upon  during  the  celebration 
of  the  liturgy. 

Airnexes  of  the  Sanctuary. — Right  and  left  of  the  apse, 
the  openings  of  the  eastern  wall  show  evidence  of  having 
been  originally  subordinated  to  the  presence  of  a  series  of 
low  attached  chambers,  whose  saddle  roofs  can  still  be 
traced  from  the  south  gallery  of  the  church.  Not  only 
the  windows  are  opened  here  at  an  unusual  height,  but 
also  the  great  doors  to  the  east  lack  centering  with  refer- 
ence to  the  axis  of  the  aisles.  Communication  with  these 
chambers  was  ensui-ed  from  the  Sanctuary  by  two  small 
doors,  of  which  the  one  to  the  south  is  still  extant,  though 
blocked  up  so  as  to  lead  only  to  a  shallow  recess  of  the 
eastern  wall. 

There  is  good  reason  to  believe  that  the  Prothesia,  or 
table  destined  to  receive  the  bread  and  wine  for  the  sacri- 
fice on  the  Altar,  lay  in  one  of  the  northern  chambers 
(Prothesis  I.  of  the  plan),  and  that  most  of  the  other  halls 
constituted  the  Sacristi/,  Skenophylakion,  or  Viaconicon. 
The  addition  of  the  high  buttress  masses  of  Andronicus 
Paleologos  mvist  have  introduced  serious  trouble  here,  in 
1317,  by  blocking  with  stone  and  mortar  the  all-important 
annexes.  It  does  not  seem  improbable,  therefore,  that, 
during  the  last  13.5  years  of  the  empire's  existence,  the 
Prothesis  was  in  the  aisle  (Prothesis  II.),  immediately  to 
the  left  of  the  Sanctuary ;  while  a  special  strong  circular 
building  had  to  l)e  erected  as  Sacristy,  outside  the  north- 
east angle  of  the  church. 

The  north  porch  to  the  east  was  the  Worn  en' a  Narthex. 
"On  leaving  the  skenophylakion,"  says  Porphyrogenitus, 
"  the  emperor  passes  through  the  women's  vestibule,  where 
stand  the  deaconesses  of  the  great  church,  and  goes  ovit 
through  the  left  of  the  sanctuary. "f 

The  Holy  Well. — In  his  work  on  the  Palace  of  Constan- 
tinople, Labarte  raised  a  series  of  annexes  all  along  the 
south  wall  of  St.  Sophia,  for  which,  however,  there  is  no 
trace  of  evidence,  architectural  or  historical ;  and  the  fact 
that  these  a.nnexes  would  inevitably  block  the  windows  of 
the  southern  ailes  is  a  fatal  objection  to  their  assumption. 
Speaking  of  the  celebrated  Holy  Well,  Labarte,  in  his 
customary  dogmatic  spirit,  says : — "  From  the  great  hall 
of  the  holy  well  one  entered  the  church.  It  could  only 
be  by  the  great  southern  door,  which  still  exists  in  the 
centre  of  the  edifice"  Now  the  door  leading  from  the 
Well  to  the  church  was  quite  small,  inasmuch  as  Porphyro- 
genitus informs  us  that  the  Patriarch  used  to  accompany 
the  emperor,  leaving  St.  Sophia  "  as  far  as  the  little  dooV 


leading  to  the  holy  well."*  But  Labarte  commits  a  graver 
error  than  this  one.  The  Holy  Well  was  not  to  the  south, 
but  "probably  in  one  of  the  eastern  chapels,"  as  pointed  out 
by  Messrs.  Lethaby  and  Swainson.  A  Byzantine  author, 
quoted  by  Combefis,  says :  "  In  this  honoured  and  celebrated 

church,  there  is  a  coloured  eikon  of  Christ painted 

on  a  panel  near  the  eastern  door,  where  is  the  well  of  the 
Samaritan  woman. "f  There  are  two  doors  in  the  east 
front,  so  that  we  have  to  examine  if  the  Well  was  by  the 
northern  or  southern  of  the  two.  This  is  easy.  According 
to  the  testimony  of  a  Kussian  pilgrim,  "  the  stoni;  on 
which  sat  Christ,  s)3eakiug  to  the  woman  of  Samaria,  was 
in  the  chapel  to  the  right."J  Right  means  south.  Mean- 
time, another  Russian  pilgrim  says  that  this  chapel  was 
behind  (east  of)  the  Sanctuary.?     Hence  we  learn  : — 

(a)  That  the  door  between  tlie  Holy  Well  and  the 
church  was  small ; 

(6)  That  the  Well  was  in  one  of  the  southern  divisions 
of  the  eastern  annexes  ;  and 

(«)  That  it  was  quite  close  to  the  great  southern  gate, 
on  the  east  side. 
Examining   our   plan,    we   find   that   the   first   of   the 
eastern  chambers,  close  to  the   gate,  will   fulfil   all  these 


*  S.  Sophia,  p.  78. 

t  Ceremonies,  ed.  Bonn,  Tol.  I.,  p.  182. 


Fig.  5.— Entrance  of  Holy  Well,  Door  of  South-east  Window,  iitid 
Corridor  of  Mannaura.     Epoch  :  10th  Century. 

conditions.  It  will  also  be  seen  that  the  Embolos  (portico) 
of  the  Well,  mentioned  by  Porphyrogenitus  (Fig.  5).  is 
partly  still  extant,  though  reconstructed  by  the  Turks, 

*   Ceremonies,  I.,  ch.  1. 

t  Du  Cange,  S.  Sop/da,  §76. 

J  Letliaby  and  Swainson,  S.  SopJiia,  p.  109. 

§  md,  p.  105. 
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Fio.    l.-aeiioral   Plan   of   tlic  CUurch  of  the  Holy  Wisdom,  showing  the  Original  Stnu-ture,  undor  Justinian,  togctlior  with  all 
its  subspiiuent  known  Annexes,  up  to  the  year  1453. 
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probably  with  a  view  to  raising  its  columns  to  a  higher 
level ;  the  mosque  being  progressively  buried  in  the 
ground,  through  the  gradual  flattening  of  the  adjacent 
hill  of  the  acropolis. 

The  Boor  of  the  South-Easf.  Window. — In  addition  to  the 
entrance  of  the  Samaritan  Well,  Fig.  5  shows  a  door,  still 
preserved,  and  opened  in  the  great  south  window  of  the 
east  front,  in  the  first  floor  level,  or  Catechumfna.  Oq 
the  14th  September,  date  of  the  Exaltation  of  the  Cross, 
the  emperor  "guided*  bv  the  officers  of  the  cubicle  and  the 
royal  attendants,"  says  Porphyrogenitus,  "  passes  through 
the  Mannaura  and  its  higher  corridors,  and,  having 
ascended  the  wooden  staircase,  enters  into  the  catechumena 
of  the  great  church. "f  Inasmuch  as  no  other  window  of 
the  southern  and  eastern  galleiy  is  pierced  by  a  door,  this 
entrance  of  the  emperor  into  the  Catechumena  could  have 
been  effected  only  by  the  window  in  question.  The  wooden 
stairs  proliably  began  at  the  portico  of  the  Holy  Well, 
being  crowned  by  a  little  platform  just  before  the  door  of 
the  first  floor  level.  The  idea  of  a  wooden  staircase  has 
l)een  shown  to  have  originated  in  the  desire  of  furnishing 
to  the  sovereign  an  easy  escape  in  case  of  riot — a  means 
of  communication  which  could  easily  be  destroyed  or 
burned,  so  as  to  leave  isolated  the  palace  walls. 

The  Horologion.— This  was  a  very  important  annex  of 
St.  Sophia.  Whenever  the  emperor  wanted  to  go  in  great 
ceremony  to  the  cathedral,  he  used  to  accord  six  receptions 
to  various  deputations  from  the  city,  the  last  reception 
taking  place  by  the  Horologion  of  the  great  church. 
"And  from  thence  [the  Horologion],"  says  Porphyro- 
genitus, "  the  sovereigns  enter  by  the  beautiful  gate,  and 
have  their  crowns  removed  liv  the  praepositi  within  the 
curtain  hanging  in  the  recess,  that  is  the  vestibule  of  the 
narthex."J  On  the  other  hand,  the  Anonvinous  speaks  of 
the  Baptistery  as  being  "  by  the  Horologion."  Now,  to 
fulfil  these  conditions,  the  Horologion  must  have  been 
outside  the  main  entrance,  to  the  south-west,  and  close  to 
the  Baptistery.  It  can,  therefore,  be  no  matter  of  mere 
coincidence  that,  precisely  at  this  spot,  at  the  extreme 
western  angle  of  the  mosque,  but  facing  r?4°  west  of  south, 
the  writer  has  always  seen  a  sundial  of  Turkish  workman- 
ship Bearing  in  mind  bow  unchanging  everything  is  in 
the  East,  it  would  not  h^  imprudent  to  assume  that  the 
idea  of  the  Asiatic  dial  struck  its  roots  in  the  presence,  at 
this  very  point,  of  the  sundial  erected  by  Justinus  II.  and 
his  wife  Sophia  in  the  sixth  century. 

Like  Eome,  the  Mohammedan  civilization  of  Constan- 
tinople could  not  help  feeling  the  influence  of  Greek  art 
and  learning.  Neither  the  difference  of  race,  nor  the 
disparity  of  manners,  nor  the  contrast  of  religion  could 
avert  a  decisive  subjugation  of  the  Moslems  to  the  empire 
of  thought  bequeathed  by  the  vanquished.  The  adoption 
of  Byzantine  architecture  by  the  Suitans  for  their  religious 
buildings  ;  the  unaltered  appearance  of  the  city  under  the 
new  rule  ;  and  the  choice,  for  the  national  standard,  of  a 
Greek  emblem,  the  crescent  and  star,*  resting  on  an 
astronomical  observation  twenty-two-and-a-half  centuries 
old,  are  thus  all  easily  to  be  accounted  for.  Imbued  with 
feelings  of  admiration  and  reverence  for  Hellenic  genius, 
the  victorious  Ottomans  soon  felt  the  difficulty  of  improving 
upon  its  masterpieces,  and  perceived  that  the  real  channel 
for  their  artistic  tastes  lay  in  a  close  observance  of  the 
precepts  laid  down  by  the  superior  science  and  weightier 
experience  of  their  enlightened  predecessors. 
(To  be  continued.) 

*  Ajipiyevofiei-os,  from  derigo. 

+  Ceremonies,  I.,  p.  125. 

X  Vide  Oman,  The  St/zantine  Empire,  London,  1892,  pp.  4  and  7-8. 


ANIMAL    WIND-BAGS-USEFUL    AND 
ORNAMENTAL.-III. 

WIND-BAGS  AS  DANGER-SIGNALS  AND  LIFE- 
BUOYS. 
By  W.  P.  Ptceaft,  a.l.s.,  f.z.s.,  etc 
In  concluding  this  brief  survey  of  the  various  types  of  air- 
sacs  to  be  met  with  in  the  animal  kingdom,  I  propose  to 
deal  with  those  which  serve  the  purpose  either  of 
terrifying  enemies  or  transforming  their  possessors  into 
morsels  too  large  and  sometimes  too  dangerous  for 
prowling  carnivores  to  swallow  ;  and,  lastly  with  those 
which  perform  the  duties  of  organs  of  locomotion.  These 
are,  perhaps,  the  most  wonderful  and  interesting  of  all, 
inasmuch  as  they  re])resent.  not  parts  of,  but  whole 
animals,  strangely  modified  for  a  stranger  purpose. 

In  some  cases  the  whole  body  is  involved  in  this  inflation, 
whilst  in  others  only  certain  regions  are  affected. 

The  expedient  of  baffling  their  would-be  devourers  by 
inflating  the  body  with  air  is  a  device  practised  by  the 
globe-fishes  of  the  tropical  Atlantic  and  Indian  Oceans. 
These  extraordinary  creatures,  when  hard  {pressed  by  some 
hungry  shark,  and  not  too  far  from  the  surface,  rush  up, 
and  thrusting  the  mouth  Ijevond  the  water,  draw  suflicient 
air  into  the  gullet  to  inflate  the  body  to  such  an  extent 
that  the  fish-like  form  is  exchanged  instanter  for  that  of 
the  globe,  from  which  they  take  their  name.  This  done, 
thev  perforce  "  turn  turtle,"  and  float  at  the  surface  with 
the  inflated  belly  well  above  the  water.  By  this  means, 
like  the  flotsam  of  the  sea,  they  are  blown  along  for  great 
distances,  the  projecting  portion  of  the  body  catching 
every  breeze  that  blows,  and  thus  eventually  they  reach  a 
place  of  safety.  Not  always,  however,  do  they  escape  the 
fate  they  flee  from,  for  it  occasionally  happens  that  some 
more  than  usually  greed}'  shark  swallows  them,  as  the 
sturgeon  did  Hiawatha.  No  friendly  sea  gulls,  however, 
are  at  hand  to  effect  a  rescue,  so  the  globe-fish,  left  to  his 
own  resources,  promptly  gnaws  a  hole  through  the  walls 
of  his  prison,  and,  escaping,  leaves  his  misguided  enemy  a 
mere  lump  of  carrion.  It  seems  that  when  too  far  from 
the  surface  to  gain  the  much  desired  light  cargo  of  air,  the 
globe-fish  effects  the  necessary  distension  of  the  body  by 
taking  in  great  gulps  of  water.  Probably  only  certain 
forms  of  globe-fish  can  be  thus  swallowed,  for  it  should  be 
mentioned  that  the  skin  of  some  species  is  armed  with 
enormous  bony  spines,  so  numerous  as  to  form  a  comj>lete 
investment  for  the  body. 

Frogs  and  toads,  when  threatened  with  danger,  generally 
inflate  the  bodv.  Some  common  toads,  which  the  writer 
has  had  under  observation  for  some  months,  when  alarmed, 
ci'ouch  down,  and  su<ldenly  blow  themselves  out  till  the 
flanks  rise  on  either  side  above  the  level  of  the  back  like 
two  great  air-cushions.  Apparently  this  increased  bulk  is 
intended  to  act  as  a  danger  signal.  If  this  first  line  of 
defence  is  broken  through,  then  they  fall  back  upon  the 
acid  secretions  of  the  skin  glands,  and  their  effect  upon 
dogs,  for  example,  is  well  known. 

Some  species  of  frogs  have  acquired  extraordinary 
powers  of  inflating  the  body,  so  that  they  look  more  like 
bladders  than  frogs.  One  species,  inhabiting  the  hills  of 
Perak,  like  the  globe-fish,  can  inflate  the  body  and  float 
on  the  surface  of  the  water,  remaining  motionless  with 
arms  and  legs  outstretched.  Possibly  this  habit  is  a 
device  meant  to  deceive  their  enemies,  who  mistake  the 
inflated  body  for  a  decomposing  and  unsavoury  corpse. 

The  chamaeleon,  when  its  safety  is  threatened,  appears 
to  adopt  two  diametrically  opposed  methods  to  ensure  its 
escape.  Pacific  methods  are  first  attempted.  WTien  it 
perceives  itself  to  be  discovered  it  first  attempts  to  escape 
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by  disguise,  making  itself  as  thin  and  shadowy  as  possible 
by  compressing  its  sides,  and  then,  turning  itself  so  that 
only  the  thin  edge  is  presented  to  the  enemy.  This  done, 
it  next  endeavours,  by  a  dexterous  turn,  to  place  the  twig 
upon  which  it  is  resting  between  itself  and  the  attacking 
party.  By  this  ruse  it  often  snec'eeds  in  effecting  the 
vanishing  trick  and  disappointing  its  would-be  captor. 
If,  however,  this  plan  fails,  then  the  body  is  as  suddenly 
transformed  by  inflation.  Thus  the  passive  disguise  is 
thrown  off  and  a  threatening  attitude  assumed  which  is 
probably  generally  successful.  This  inflation  is  effected 
partly  by  inflating  the  lungs,  which  have  a  quite  unique 
structure,  inasmuch  as  they  are  produced  backwards  into 
several  blind  finger-like  sacs  which  extend  far  down  the 
body-cavity,  and  partly  by  means  of  a  large  air-sac  in  the 
throat.  The  purpose  of  this  sac,  however,  is  by  no  means 
concerned  exclusively  with  the  work  of  inflating  the  throat. 
It  probably  serves  also  as  a  reservoir  for  air  when  the 
entrance  to  the  windpipe  is  closed  by  the  peculiar 
mechanism  of  the  tongue  in  catching  insects  ;  and  is  used 
also  in  the  production  of  a  peculiar  hissing  sound  which 
the  creature  makes  when  angry. 

An  agamoid  lizard,  Agama  sanquinolenta,  common  in 
the  deserts  of  Turkestan,  also  resorts  to  the  use  of  a 
throat-pouch  to  make  itself  appear  more  formidable.  The 
males  of  this  species  are  very  pugnacious,  especially  during 
the  breeding  season.  At  this  time,  when  about  to  attack, 
the  throat-sac  is  inflated  till  it  attains  the  size  of  a  walnut, 
the  body  is  raised  upon  the  legs,  the  head  lowered  and 
turned  inside,  and  the  foe  stealthily  watched.  Suddenly, 
with  a  dart,  the  attack  is  delivered,  and,  if  the  fates  are 
propitious,  the  enemy  is  routed. 

Among  birds  and  mammals,  as  among  the  frogs  and 
their  kind  and  the  reptiles,  the  practice  of  magnifying  the 
size  of  the  body,  apparently  with  a  desire  to  terrify  their 
enemies,  is  also  followed.  The  birds  effect  this  by  erecting 
the  feathers,  the  mammals  by  causing  the  hair  to  stand  on 
end.  Certain  of  tiie  latter,  however,  have  developed  special 
storm  signals.  The  bladder-nosed  and  elephant  seals  have 
been  conspicuously  successful  in  this.  The  latter  is  so- 
called  from  the  snout  which  is  produced  into  a  short 
trunk,  flaccid  while  the  animal  is  quiet,  but  capable  of  being 
inflated  and  erected  when  enraged.  The  wind  is  forced  in 
through  the  roof  of  the  mouth.  The  old  sealers,  it  is 
said,  used  to  regard  the  trunk  of  the  elephant  seals  they 
killed  as  a  great  delicacy,  calling  them  "  snotters."  The 
inflatable  headgear  of  the  bladder-nosed  seal  is  no  less 
remarkable  than  that  of  its  brother  of  the  elephantine 
nose.  Indeed,  the  two  structures  are  really  not  very  dis- 
similar ;  for  did  the  inflatable  tissue  of  the  first-named 
extend  forward  somewhat  further  a  proboscis  precisely 
similar  to  that  of  the  elephant  seal  would  result.  As  large 
as  the  rest  of  the  head  when  fully  inflated,  this  peculiar 
casque  is  a  purely  secondary  sexual  character,  being  found 
only  in  the  males.  It  seems  to  be  used  as  a  signal  of 
defiance,  being  raised  whenever  its  owner  proj)oses  to  give 
battle  to  such  neighbours  as  may  desire  to  while  away  the 
tedium  of  doing  nothing  by  a  friendly  bout  with  the  teeth. 
At  such  times  a  quivering  motion  is  given  to  this  curious 
casque,  and  this  undoubtedly  adds  not  a  little  to  the 
effectiveness  of  its  appearance. 

The  Gavial,  one  of  the  Crocodilia,  is  the  only  one  of  all 
the  reptiles  which  has  developed  a  similar  bladder-like 
structure.  In  the  full-grown  male  of  this  species  {Gavialis 
gamjdicns)  the  nostrils  are  seated  in  the  middle  of  a  pro- 
minent hump.  At  the  will  of  tlie  animal  this  can  be 
inflated  like  a  bag.  The  recoil  of  the  air  down  the  long 
nasal  passages,  consequent  on  the  inflation  of  this  bag, 
has  produced  a  curious  modification  of  certain  bones  of  the 
skull,   resulting    in   the    formation    of   a   pair  of   hollow 


globular  swellings  of  the  size  of  a  goose's  eg^.  So  little  is 
known  about  the  habits  of  this  creature,  in  spite  of  the 
fact  that  it  is  common  enough  in  many  of  the  rivers  of 
India,  that  the  occasions  when  this  bag  is  used,  as  well  as 
its  exact  purpose,  has  yet  to  be  discovered.  Possibly, 
however,  it  serves  the  same  purpose  as  that  in  the  seals 
just  described. 

These  curious  nasal  wind-bags  are,  in  all  cases,  in  con- 
nection with  the  nostrils  through  which  they  are  filled  and 
emptied.       This   fact    recalls    the   existence    of    certain 


Fio.  1. — The  Spotted  Globe-Fish,  Dlodon  maciilatus.  The  upper 
figure  shows  the  animal  when  intlated,  floating  back  downwards,  that 
in  the  right  corner  the  normal  condition. 

mysterious  air-pouches  in  connection  with  the  nasal 
passages,  which  occur  in  the  horse  and  the  ass,  and  their 
relations  to  the  rhinoceros  and  the  tapir.  Familiar  enough, 
in  the  horse  at  least,  to  the  comparative  anatomist  and  the 
veterinary  surgeon,  to  whom  these  structures  are  known  as 
the  "  false  nostrils,"  to  the  general  reader  their  existence 
is  probably  quite  unknown.  Let  those  who  have  the 
opportunity  examine  carefully  the  margin  of  the  upper 
part  of  the  nostril  of  the  horse,  when  they  will  find  the 
aperture  to  what  is  really  a  blind  pouch,  from  three  to 
four  inches  deep,  conical  in  form,  and  lined  with  the  same 
smooth  skin  as  that  which  lines  the  nasal  passage.  In 
the  tapir  a  similar  but  much  more  develoj>ed  pouch  is 
found.  In  this  animal  it  ruus  upwards  as  a  narrow  tube, 
at  first  in  conjunction  with  its  fellow  of  the  opposite  side, 
and  later  separating,  each  taking  a  curiouslv  curved  or 
convoluted  course,  and  ultimately  terminating  in  a  blind 
dilatation  lodged  in  a  distant  groove  in  the  skull  bones 
roofing  the  snout.  In  the  rhinoceros  a  similar  structure 
is  found,  but  intermediate  in  shape  between  that  of  the 
horse  and  tapir.  The  "false  nostril  "  of  the  ass,  it  should 
be  remarked,  is  larger  than  that  of  the  horse. 

What  the  purpose  of  the  pouches  in  these  animals 
may  be  is  at  present  a  mystery,  but  they  probably  are 
remnants  of  a  once  useful  structure. 

The  nuTubor  of  creatui-es  which  have  adopted  the  device 
of  imprisoning  air,  and  the  variety  of  uses  to  which  it  has 
been  put  is  indeed  striking.  So  far  our  survey  of  this 
subject  has  been  confined  to  the  higher  animals  oulv.  Let 
Tis  now  liriefly  review  some  of  the  more  striking  cases 
which  are  to  be  found  among  the  more  lowly  :vnimals. 

Perhajis  the  most  striking  examples  to  be  discovered 
among  these  more  humble  creatures  are  those  furnished  by 
certain  jelly-fish  which  live  in  colonies  and  drift  about  the 
surface  of  the  open  sea,  suspended  by  living  life-buoys.  In 
the  form  known  as  Phjigoiilwin,  for  example,  an"  enor- 
mously   elongated     individual    undertakes    the   work    of 
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trausportiug  his  fellows,  which  number  some  thousands. 
To  conveuieutly  bear  this  burden,  the  body  of  this  second 
"  Atlas  "  is  drawn  out  into  a  long  stalk-like  stem,  and 
around  this  the  various  units  of  the  colony  are  grouped  ; 
whilst  the  upper  end  of  this  stalk  is  dilated  to  form  a 
large  and  somewhat  pear-shaped  bag  which,  filled  with  air, 
forms  the  float  or  life-buoy.  Immediately  below  the  float 
come  what  we  may  call  the  motor  members  of  the  colony. 
These  are  bell-shaped,  and  by  alternately  opening  and 
closing,  draw  in  and  expel  the  water  from  their  cavities 
and  thus  propel  the  whole  colony  through  the  water.  These 
motorists,  like  the  central  member  which  support*  the  whole, 
take  no  food,  neither  jiart  in  the  production  of  the  young  ; 
they  have  relegated  these  duties  to  other  and  specially 
c[ualified  members.  The  capture  and  preparation  of  the 
food  is  undertaken  by  peculiarly  modified  members  found 
beneath  the  swimming  members.  Scattered  among  the 
motorists  are  found  numberless  small  oval  individuals, 
each  with  a  long  slender  thread.  These  threads  are 
extremely  sensitive,  and  by  their  means  the  members 
bearing  them  are  enabled  to  uudertake  the  duties  of  feeling 
and   exploring   for   the    colony.       Lastly,    there   are   the 


Fig.  2. — Phiisaha,  the  "  Portu^iese  Man-o'-War," 
floating  on  the  surface  of  the  water. 

individuals  whose  sole  duty  is  to  provide  for  the  perpetua- 
tion of  the  species.  And  all  these,  as  we  have  before 
remarked,  are  borne  by  a  single  member  designed  by  the 
Fates,  for  the  sake  of  the  colony,  to  become  a  wind-bag. 

The  wonderful  and  dread  "  Portuguese  man-o'-war  "  of 
the  blue  waters  of  the  Mediterranean  also  proves,  when 
examined,  to  be  really  a  floating  colony  similar  to  that  of 
Physophora.     But  the  float    or  life-buoy  in  this  case   is 


much  larger,  taking  the  form  of  a  pear-shaped  bladder 
provided  with  a  many-chambered  crest  or  comb.  If  its 
eluties  are  of  the  menial  order,  it  has  at  least  ((iinpensation 
therefor,  inasmuch  as  it  shimmers  in  the  sunlight  with 
the  most  gorgeous  c<>k)uring,  looking  like  molten  silver 
tinted  with  light  blue,  violet,  and  purple,  whilst  the 
small  thickenings  in  the  comb  are  made  conspicuous  by 
vivid  carmine.  The  long  feelers  may  measure  as  much  as 
50  feet  in  length,  an<l  are  vested  with  a  stinging  power 
which  makes  this  creature  more  dreaded  by  the  native 
than  the  shark. 

Finally,  we  may  mention  certain  Mollusca  which  have 
adopted  the  air-float  for  the  purpose  of  supporting  the 
eggs.  Thus  the  beautiful  oceanic  violet  sea-snail,  lanthiua, 
throws  out  a  long  raft  containing  the  eggs,  which  are 
carried  along  the  surface  of  the  water,  where  they  may 
catch  the  sun  and  air.  It  is  to  be  noted,  however,  that  this 
float  difl'ers  materially  from  those  of  all  the  others  which 
we  have  examined,  inasmuch  as  it  is  made  by  imprisoning 
bubbles  of  air  in  a  gelatinous  secretion,  and  not  by  the 
inflation  of  a  pouch  or  wind-bag. 


GIANT    L^ND-TORTOISES. 

By  R.  Lydekker. 

In  the  long-past  days  when  the  plains  of  India  were  the 
home  of  the  mighty  sivatherium  and  of  still  more  gigantic 
elephants  and  mastodons,  while  its  rivers  were  tenanted 
bv  hippopotamuses  and  huge  long-snouted,  gavial-like 
crocodiles,  that  country  was  likewise  inhabited  by  the 
most  gigantic  land-tortoise  of  which  we  at  present  have 
any  knowledge.  When  fragments  of  its  fossilised  shell 
and  more  or  less  nearly  complete  specimens  of  its  limb- 
bone  came  under  the  notice  of  its  original  descrilsers,  it 
was  thought,  indeed,  that  they  indicated  a  creature  of 
truly  colossal  proportions,  the  length  of  the  shell  in  a 
straight  line  being  estimated  at  no  less  than  twelve  feet 
three  inches.  In  a  restoration  of  the  shell  made  under  the 
superintendence  of  the  discoverers  of  the  species,  and  still 
exhibited  in  the  geological  department  of  the  Natural 
History  Museum,  the  length  was  reduced  to  a  little  over 
eight  feet.  But  even  these  reduced  dimensions  appear  to 
be  considerably  in  excess  of  the  reality,  and  it  is  probable 
that  the  maximum  length  did  not  much  exceed  six  feet. 
A  shell  of  this  size  vastly  exceeds,  however,  that  of  any 
modern  laud-tortoise,  so  that  the  Siwalik  tortoise,  or 
Testudo  atlas,  as  it  is  scientifically  called,  is  fully  entitled 
to  rank  as  the  real  giant  of  its  kind. 

But  the  Siwalik  tortoise  was  by  no  means  the  only  giant 
species  inhabiting  India  during  the  Pliocene  epoch,  as 
remains  of  other,  although  smaller,  forms  have  been 
discovered  in  the  same  deposits.  The  nearest  living  ally 
of  the  Siwalik  species  appears  to  be  Testudo  emys,  of  the 
countries  east  of  the  Bay  of  Bengal,  in  which  the  shell 
does  not  much  exceed  a  foot  in  length.  Both  kinds  have  the 
front  end  of  the  lower  shell  produced  and  notched, 
although  the  production  and  notching  are  much  more 
pronounced  in  the  extinct  form.  Both  also  have  the  horny 
shield  immediately  above  the  tail  double,  instead  of  (as  is 
usually  the  case)  single  ;  and  in  both  the  skin  of  the  legs 
contained  embedded  nodules  of  bone. 

The  Pliocene  deposits  of  the  south  of  France  have  also 
yielded  remains  of  a  giant  land-tortoise  (T.  perpiniana), 
with  a  shell  abovit  four  feet  in  length,  and  likewise  furnished 
with  bony  nodules  in  the  skin  of  the  limbs.  And  from  the 
caves  of  Malta  have  been  obtained  bones  of  yet  another 
very  large  species  (T.  robusta),  apparently  allied  to  the 
recently  extinct  T.  inepta  of  Mauritius. 

Going  further  afield,  we  find  evidence  of  the  existence 
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during  late  Tertiary  times  of  giaut  land-tortoises  in  Ni^rth 
America,  while  a  few  fragments  of  shell  attest  the  former 
occiureiicc  of  another  species  iu  Patagonia.  It  may  lie 
therefore  assumed  that  during  the  Pliocene,  and,  perhaps, 
a  portion  of  the  Miocene  epoch,  laud-tortoises  of  huge 
size  were  spread  over  the  greater  portion  of  the  warmer 
countries  of  the  globe. 

With,  or  before,  the  close  of  the  Pliocene  division  of 
geological  time,  these  great  reptiles  seem,  however,  to 
have  utterly  vanished  from  all  the  continents  of  the 
world,  and  to  have  continued  to  exist  only  in  certain 
islands,  from  some  of  which  they  likewise  disappeared 
before,  or  during  the  early  portion  of,  the  historic  period, 
while  others  have  become  extinct  quite  recently.  Whether 
these  island  giant  tortoises  are  the  direct  descendants  of 
the  species  which  once  inhabited  the  nearest  continents,  or 
whether  they  have  been  independently  developed  from 
smaller  forms  in  or  near  their  own  habitats,  is  a  question 
by  n<j  means  easy  to  answer.  Neither  is  it  any  less  difficult 
to  account  for  tlie  complete  disappearance  (apparently 
without  human  intervention)  of  all  the  continental  forms. 
Although  the  Siwalik  mastodons,  elephants,  sivatheres, 
giraffes,  hippopotamuses,  and  other  large  mammals,  all 
died  off.  yet  many  of  them  left  descendants  (collateral  or 
direct)  in  either  India  or  Africa ;  and  this  makes  it  the 
more  strange  that  not  a  single  descendant  of  any  of  the 
Pliocene  giant  land-tortoises  should  have  survived  in  any 
one  of  the  five  continents.  Such,  however,  is  the  case, 
explain  it  how  we  may. 

Since  the  Pliocene  epoch,  giant  tortoises  have  been 
restricted  to  two  widely-sundered  groups  of  islands.  In 
modern  times  the  islands  most  famous  for  these  tortoises 
are  those  of  the  Galapagos  group,  which  take  their  title 
from  one  of  the  Spanish  names  ((jaMparjo)  for  a  tortoise, 
and  ai'e  situated  on  the  equator,  a  comparatively  short 
distance  ofC  the  western  coast  of  South  America.  All  the 
other  "  tortoise-islands  "  ai-e  in  the  Indian  Ocean,  where 
they  lie  (with  the  exception  of  the  lower  extremity  of 
Madagascar)  within  the  southern  tropic,  off  the  African 
coast.  By  far  the  largest  of  these  islands  is  Madagascar, 
which  has  long  been  inhabited  by  man,  and  from  which 
the  tortoises  (perhaps  in  consequence  of  his  occupation) 
disajipeared  long  before  the  historic  period,  being  known 
to  us  otdy  by  their  sub-fossilised  remains.  Between  the 
northern  point  of  Madagascar  and  Africa  lie  the  islands  of 
the  Comoro  group,  which  had  also  native  inhabitants  of 
their  own ;  and  fi'cni  these  islands  the  tortoises  likewise 
disappeared  at  an  early  date.  All  the  other  tortoise-islands 
in  the  Indian  Ocean  were  inhabited.  They  include  the 
Aldabra  group,  north-west  of  Madagascar,  where  the  few 
tortoises  now  remaining  in  the  south  island  are  under 
Government  protection,  the  Mascarenhas,  or  Mascarene 
group  (Reunion,  or  Bourbon,  Mauritius,  aud  Rodriquez), 
the  Amirantes,  and  the  Seychelles.  None  of  the  Mascarene 
species  survive  in  their  proper  home,  and  were  long  thought 
to  bo  extinct,  although  a  specimen  has  turned  up  from 
a  distant  island,  to  which  it  had  been  caiTied.  Much  the 
same  may  be  said  with  regard  to  the  Seychelle  tortoises, 
which  were  exterminated  long  ago  in  their  projier  habitat. 
There  seems,  however,  to  be  good  reason  for  believing  that 
a  few  survivors  of  the  species  have  been  preserved  in 
islands  to  which  they  had  hcon  transported  in  ships.  This 
trans]  Mirtation  of  tortoises  from  one  island  to  another  has 
indeed  added  considerably  to  the  difficulty  of  unravelling 
the  conijilicated  history  of  the  group ;  a  specimen  of 
the  South  Aldabra  tortoise  having  been  carried  to  one  of 
the  islands  of  the  Chagos  group,  to  the  south  of  Maldives, 
whence  it  was  subsequently  transported  to  Mauritius. 

The  accounts  left  by  the  early  voyagers  show  t  hat  in  the 
Mascarene  aud  other  islands  of  the  Indian  Ocean,  as  well 


as  in  those  of  the  Galapagos  group,  the  tortoises  formerly 
existed  in  enormous  numbers.  As  regards  the  Galapagos 
islands,  it  is  remarkable  that  there  are  no  small-.sized 
species ;  and  the  same  holds  good  for  the  islands  of  the 
Indian  Ocean,  with  the  exception  of  Madagascar,  where 
there  is  one  comparatively  small  form  (T.  radiata).  It 
should  be  added  that,  if  we  except  Madagascar  (where 
there  is  one  moderate-sized  carnivore),  none  of  the  tortoise- 
islands  were  ever  the  home  of  large  and  predatory 
mammals.  This  naturally  suggests  the  idea  that  the 
survival  in  these  islands  o£  the  reptiles  under  consideration 
is  entirely  due  to  the  absence  of  such  mammals.  But,  on 
the  other  hand,  it  has  to  be  borne  in  mind  that  the  giant 
Siwalik  tortoise  lived  iu  a  land  where  large  mammals — 
both  carnivorous  and  herbivorous — absolutely  swarmed ; 
and  the  same  was  also  the  case  with  the  other  extinct 
continental  sjjecies  referred  to  above.  Moreover,  we  have 
no  evidence  of  the  existence  of  large  tortoises  on  the 
continents  of  the  world  at  an  epoch  before  the  advent  of 
large  mammals.  Still,  the  absence  of  the  latter  from 
practically  all  the  tortoise-islands  is  a  fact  that  cannot  be 
disregarded,  and  must  almost  certainly  have  had  a  very 
great  influence  on  the  development  of  their  chelonian 
inhabitants. 


Great  South  Aldabra  Tortoise  (Tesfado  daw/nn).  fr.n.  a  specimen 
recently  living  iu  the  London  Zoological  Gardens,  aud  now  preserved 
iu  the  Museum  at  Tring. 

In  regard  to  the  numbers  iu  which  giant  tortoises 
formerly  existed  on  the  islands  of  the  Indian. Ocean,  very 
few  words  must  suffice.  Writing  in  1(J91,  the  French 
traveller  Francois  Leguat  states  that  in  Kodi'iquez  the 
tortoises  covered  the  ground  so  thickly  that  in  pLices  you 
might  walk  a  hundred  paces  or  more  by  stopping  from  the 
back  of  one  on  to  that  of  another.  In  Mauritius,  though 
apparently  less  abundant,  they  were  still  very  numerous 
down  to  1740  ;  and  there  is  ample  testimony  that  during  the 
seventetmth  and  eighteenth  centuries  they  also  swarmed 
on  Reunion,  although  not  a  single  specimen  of  the  species 
indigenous  to  that  island  has  been  preserved.  The  ease 
with  which  these  reptiles  could  be  captured  and  carried 
off,  and  the  fiR-ility  with  which  they  coiild  be  kept  alive  on 
board,  coupled  with  the  large  amoimt  of  excellent  meat 
yielded  by  each,  rendered  them  a  valuable  food-supply  to 
the  crews  of  ships,  and  it  was  far  from  uncommon  for 
vessels  leaving  Mauritius  to  carry  off  a  cargo  of  four 
hundred  at  a  time,  while  in  1759  one  of  four  vessels 
specially  engaged  in  carrying  tortoises  from  Rodriquez  to 
Mauritius  took  six  thousand  at  once.  Such  a  drain  could 
not  but  tell  rapidly  on  the  supjily,  and  by  the  early  part  of 
the  last  century  the  Mascarenes  were  denuded  of  their 
tortoise-l'auua. 
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The  Malagasy  tortoise  [Tesludo  grandidieri)  ap}5ears,  as 
already  said,  to  have  been  extermiuated  before  Europeans 
had  any  knowledge  of  the  islands,  but  beautifully  pre- 
served shells  (wanting  the  horny  shields)  have  been  dis- 
covered, three  of  which  are  exhibited  in  the  Natural 
History  Museum.  Among  the  Mascarene  tortoises,  most 
of  which  are  distinguished  from  those  of  Aldabra  by  their 
long  thick  necks  and  the  absence  of  a  nuchal  shield  *  to 
the  shell,  five  or  six  species  are  known  in  a  sub-fossil  state 
from  Mauritius.  To  one  of  these  {T.  indica)  special 
interest  attaches  from  the  circumstance  that  till  about 
1871  all  the  tortoises  from  the  islands  of  the  ludian  Ocean 
■were  referred  to  by  that  name.  Of  equal  interest,  although 
from  a  totally  different  point  of  view,  is  the  Rodriquez 
tortoise  {T.  rosnueri).  on  account  of  the  extreme  tenuity 
of  its  bony  shell ;  a  feature  shared  by  certain  of  the 
Galapagos  species,  and  indicative  that  the  thick  shell 
characteristic  of  tortoises  generally  is  not  required  by  the 
island  forms  which  have  no  enemies. 

A  tortoise  received  in  company  with  two  others  from  the 
Seychelles  in  1894  by  Mr.  Kothschild,  and  now  living  at 
Tring,  is  believed  to  be  one  of  the  Mascarene  species,  with 
which  it  agrees  in  the  characters  referred  to  above.  It  may 
have  come  from  one  of  the  smaller  islands,  and  thus  be 
different  from  any  of  the  named  forms,  although  it  is 
difficult  t«  determine  this  during  its  Ufe.  Very  little 
appears  to  be  known  of  the  Reunion,  Comoro,  and 
Amirante  tortoises,  but  it  is  stated  by  Mr.  Rothschild 
that  the  one  from  Reunion  differed  from  all  the  other 
Mascarene  forms,  and  resembled  those  from  Aldahra. 
Special  interest  attaches  to  the  history  of  the  surviving 
representatives  of  the  presumed  Seychelle  tortoise,  which 
has  been  named  T.  sumeirei.  It  appears  that  in  the  year 
1766  five  giant  tortoises  from  the  Seychelles  were  taken  to 
Mauritius  by  the  Chevalier  Marion  de  Fresne.and  have  been 
since  known  as  Marion's  tortoises.  In  1833  one,  which 
died  soon  after,  was  brought  to  the  London  Zoological 
Gardens,  where  a  second  arrived  some  years  later.  A  third 
was  received  in  1898,  but  did  not  long  survive  its  journey. 
The  other  two  are  still  living  in  Mauritius.  By  far  the 
most  celebrated  of  these  latter  is  the  one  in  the  Royal 
Artillery  Barracks  at  Port  Louis.  It  is  now  nearly  blind, 
although  otherwise  in  good  health.  The  shell  measures 
about  40  inches  in  a  straight  line,  and  is  i-eported  to 
have  been  of  that  size  so  long  ago  as  1810.  Probably  this 
tortoise  was  at  least  a  century  old  when  first  brought  to 
Mauritius  nearly  140  years  ago.  In  its  long  thick  neck, 
and  the  absence  of  a  nuchal  shield,  Testudo  sumeirei  agrees 
with  the  Mascai'ene  species,  and  as  it  is  quite  different 
from  the  Aldabra  forms,  Mr.  Rothschild  considers  that  its 
original  home  was  the  Seychelles,  whence  Marion  brought 
his  specimens — probably  some  of  the  last  survivors  of 
their  kind — to  Mauritius  as  curiosities.  Possibly  the 
tortoise  brought  in  1798  from  the  Seychelles  to  Colombo, 
where  it  survived  till  1897,  may  have  been  of  the  same 
species.  The  length  of  its  shell  is  .535  inches,  or  only  an 
inch-and-a-half  less  than  that  of  the  great  South  Aldabra 
tortoise  noticed  below. 

Passing  on  to  the  Aldabra  tortoises,  distinguished  by 
their  short  necks  and  the  presence  of  a  nuchal  shield,  we 
have  first  to  notice  that  the  only  member  of  the  group 
surviving  in  a' wild  state  in  its  native  habitat  is  the  South 
Aldabra  Testudo  daudini.  Very  remarkable  is  the  history 
of  a  male  of  this  species  received  by  Mr.  Kothschild  in  1897, 
which  is  the  largest  known  example  of  modern  giant 
tortoises,  the  length  of  the  carapace  in  a  straight  line 
being  no  less  than  .55  inches,  or  onlv   19  inches  short  of 


*  The  nuchal  sWeld  is  the  single  symmetrical  horny  plate  found 
in  the  middle  line  of  the  front  margin  of  the  shell  of  most  tortoises. 


the  length  assigned  to  that  of  the  extmct  T.  atlas.  This 
monster,  whose  original  home  was  South  Aldabra,  lived  for 
many  years  on  Egmont  Island,  in  the  Chagos  group, 
whence  it  was  taken  by  its  owner.  Monsieur  L.  Autelme, 
to  Mauritius,  and  thence  sent  to  England.  It  is  currently 
reported  to  have  lived  in  Egmont  for  a  century  and  a  half, 
but  since  the  Chagos  group  was  only  colonised  from 
Mauritius  in  the  early  part  of  the  last  century,  there  is 
some  doubt  as  to  the  correctness  of  the  statement.  Any- 
way, this  tortoise  must  have  been  of  a  prodigious  age  at 
the  time  of  its  death.  During  its  sojourn  on  Egmont 
Island  this  tortoise  used  to  bury  itself  and  become  dormant 
for  half  the  year  — a  most  remarkable  fact  in  a  tropical 
island.  South  Aldabra  is  a  coral  island  very  difficult 
to  traverse,  so  that  it  is  no  easy  matter  to  obtain  a 
sight  of  the  tortoises.  Seven  were,  however,  captured 
and  exported  in  1895,  of  which  six  reached  Europe 
alive. 

The  second  species  of  Aldabra  tortoise  (T.  gigantea) 
formerly  inhabited  the  north  and  central  islands  in  great 
abundance,  but  is  now  known  solely  by  individuals  intro- 
duced by  the  planters  into  the  Seychelles,  where  they  are 
kej)t  in  a  state  of  semi-domestication,  and  by  a  single 
specimen  in  St.  Helena.  There  appear  to  be  two  races  of 
this  species,  namely  the  typical  form,  in  which  the  shell 
is  depressed,  with  the  horny  shields  nearly  smooth,  and 
T.  gigantea  elephantina,  in  which  the  shell  is  highly  convex, 
with  the  shields  on  the  back  marked  by  conspicuous  eon- 
centric  strlations.  In  some  instances  the  shield  immediately 
above  the  tail  is  divided,  as  in  the  extinct  Siwalik  tortoise. 
The  shell  of  a  male  of  this  species  received  by  Mr. 
Rothschild  in  1893  measured  40;^  inches  in  length  (in  a 
straight  line)  four  years  later.  The  St.  Helena  example 
is  said  to  have  lived  in  that  island  for  more  than  a  century. 
It  is  not  a  little  remarkable  that  the  survivors  of  the 
North  Aldabra  tortoise  should  have  been  preserved  in  the 
Seychelles,  while  those  of  the  species  believed  to  be 
indigenous  to  the  latter  islands  have  been  kept  in  captivity 
in  Mauritius. 

In  1894,  Mr.  Rothschild's  specimen  of  the  North 
Aldabra  tortoise  weighed  327  lbs.,  but  by  1897  its  weight 
had  increased  to  358  lbs.  These  weights  are,  however, 
vastly  exceeded  by  that  of  the  great  South  Aldabra 
tortoise  which  scaled  no  less  than  560  lbs. ;  this  was, 
however,  immediately  after  its  journey  to  England,  during 
which  it  had  become  much  emaciated,  so  that  these  figures 
afford  no  real  criterion  of  its  proper  weight.  Of  the  habits 
of  the  North  Aldabra  tortoise  at  Tring.  its  owner  wrote 
as  follows :  "  Whenever  the  temperature  is  over  sixty 
(60^  Fahr.),  this  tortoise  has  a  fine  run  of  350  acres  of 
grass  park,  but  on  the  temperature  falling  to  sixty,  it  is 
kept  in  a  shed,  and  when  once  the  temperature  shows 
permanently  below  58^  Fahr.,  it  is  put  in  an  orchid  house, 
i.e.,  from  September  to  June.  When  at  liberty  in  the 
park  it  lives  entirely  on  grass,  but  in  the  hot-house  feeds 
on  carrots,  cabbages,  lettuce,  and  several  other  vegetables. 
It  is  very  fond  of  rotten  fruit." 

Of  the  habits  of  the  giant  tortoises  of  the  islands  of  the 
Indian  Ocean  in  a  state  of  nature  we  know  practically 
nothing,  owing  to  the  fact  that  in  South  Aldabra  alone 
are  anv  members  of  the  group  living  in  a  wdd  condition, 
and  "that  accurate  observation  is  there  practically 
impossible.  Of  the  mode  of  life  of  the  Galapagos  species 
we  have  comparatively  full  accounts ;  but  Gmitations  of 
space  render  it  impossible  on  the  present  occasion  to  refer 
further  to  these  species,  either  as  regards  their  distinctive 
characteristics  or  their  history  and  habits.  1  have  only 
to  add  that  readers  of  Knowledge  are  indebted  to  Mr. 
Rothschild  for  the  loan  of  the  photographs  illustrating 
this  article. 


March,  1903. 


KNOWLEDGE 


57 


MODERN     COSMOGONIES. 

P.y  A<iNRS  M.  CLERKr;. 

I.— THE    NEBULAR    HYPOTHESIS. 

Immanuel  Kant  wa.s,  in  1751,  still  iu  the  pla.stic  stage. 
His  period  of  "  Pure  Reason"  was  remote,  and  might  have 
appeared  improbable.  Such  as  they  were,  his  distinctions 
had  been  won  in  the  field  of  concrete  science,  and  the  world 
of  phenomena  invited  his  speculations  more  seductively 
than  the  subtleties  of  logic.  A  seed  was  accordingly  thrown 
into  fertile  soil  by  his  reading  of  Thomas  Wright's  "  New 
Theory  of  the  Universe,"  as  summarised  in  a  Hamburg 
journal.  It  set  him  thinking,  and  his  thoughts  proved  to 
be  of  the  dynamic  order.  Wright  resrarded  the  heavens 
under  a  merely  statical  aspect.  He  laid  down  the  first 
definite  plan  of  th^ir  construction,  showing  that  the  stars 
were  not  aggregated  at  random,  but  by  method,  and  this 
was  much  for  one  struggling  item  of  humanity  to  have 
accomplished  unaided.  But  the  young  philosopher  of 
Kimigsberg  could  not  rest  satisfied  with  the  idle  con- 
templation of  any  subsisting  arrangement.  His  mind  was 
incapable  of  acquiescing  in  things  simply  as  they  presented 
themselves ;  it  ciaved  to  know  further  how  they  came  to 
stand  to  each  other  in  just  such  mutual  relations.  He 
was,  moreover,  permeated  with  Epicurean  doctrines.  Not 
in  any  reprehensible  sense.  He  could  not  be  reproached 
either  as  a  hedonist  or  as  an  atheist.  His  pleasures  were 
intellectual,  his  morals  austere,  his  convictioas  orthodox. 
Behind  the  veil  of  material  existence  he  divined  its  supreme 
immaterial  Originator,  and  his  perception  of  the  activity  in 
Nature  of  an  ordering  First  Cause  remained  equally  vivid 
whether  its  disclosures  were  taken  to  be  by  immediate 
creation  or  through  tedious  processes  of  modification  and 
growth.  His  large  and  luminous  view  embraced  besides 
the  ethical  significance  which  such  jirocesses  adumbrate. 
The  following  sentence  shows  an  appreciation  of  the  place 
of  man  in  Nature  truer  and  more  jarofound  than  was 
attained  perhaps  by  any  other  thinker  in  the  eighteenth 
century  : — "  The  cosmic  evolution  of  Nature,"  he  wi-ote  in 
memorable  words,  "is  continued  in  the  historic  development 
of  humanity,  and  completed  in  the  moral  perfection  of  the 
individual."* 

Nevertheless,  he  owned  to  a  community  of  ideas  with 
Democritus  as  to  the  origin  of  the  universe.  Lucretius 
had  cast  over  him  the  spell  of  his  lofty  diction,  and  captured 
his  scientific  adhesion  with  the  stately  imagery  of  his  verse. 
With  reservations,  however.  Docile  discipleship  was  not  in 
his  line.  He  availed  himself,  then,  of  the  Democritean 
atoms,  but  by  no  means  admitted  their  concourse  to  be 
fortuitous.  Chaos  itself,  as  he  conceived  it,  half  concealed, 
half  revealed,  the  rough  draft  of  a  "  perfect  plan."  His 
postulates  were  few.  He  demanded  only  a  limitless  waste 
of  primordial  matter,  animated  by  no  forces  save  those 
of  gravitation  and  molecular  repulsion,  and  undertook  to 
produce  from  it  a  woi'kable  solar  system.  The  attempt 
was  no  more  than  partiallv  successful.  Indeed,  investi- 
gations thrown  back  into  the  fore-time  lead,  at  the  best, 
to  precarious  results,  and  this  one,  in  particular,  was 
vitiated  by  a  fundamental  error  of  principle.  Its  author 
clearly  perceived  that  pi  inetary  circulation  must  be  the 
outcome  of  a  vortical  swirl  in  the  nebulous  matrix  ;  but 
he  failed  to  see  that  no  interaction  of  its  constituent 
jiarticles  could  have  set  this  swirl  going.  Systems  cannot, 
of  themselves,  add  to  their  moment  of  momentum.  Ex- 
ternal force  should  be  applied  to  originate  rotation  in 
those  naturally  destitute  of  it.     Now  Kant  was  averse  to 


*  (Jiioted  t)y  Dr.  Ilastio  in  the  preface  to  his  tmuslatioii  of  Kant's 
"  Cosmogony,"  Glasgow,'  1900. 


employing  arbitrary  expedients,  and  he  piqued  himself  on 
the  simj)licity  of  his  postulates.  Yet  he  need  not  have 
hesitated,  had  he  only  viewed  things  from  the  modern 
standpoint,  to  impart  a  wheeling  movement  to  his  colossal 
dust-cloud,  as  the  upshot  of  the  mode  in  which  its 
materials  might  have  come  together  from  the  four  quarters 
of  the  universe  ;  and  he  would  thus  have  escaped  stumbling 
at  the  threshold  of  his  daring  enquiry. 

He  supposed  the  particles  forming  the  initial  inchoate 
mass  to  fall  together  by  gravity,  but  to  be  deviated  from 
rectilinear  courses  through  the  effects  of  unequal  resist- 
ance. And  he  derived  from  the  combination  of  these 
multitudinous  encounters  a  common  axial  rotation  for  the 
entire  agglomeration.  The  futility,  however,  of  this  mode 
of  procedure  was  adverted  to  by  the  late  M.  Faye  in  188.5.* 
The  deviations  in  question  would,  in  fact,  exactly  balance 
one  another,  there  being  no  reason  why  movement  in  one 
sense  should  prevail  over  movement  in  the  opposite  ;  con- 
sequently, a  general  rotatory  movement  could  not  even 
begin  to  affect  the  seething  mass,  which  would  condense 
in  sterile  rigidity.  Kant  should  then,  as  Laplace  did, 
when  his  turn  came,  have  assumed  the  gyration  indis- 
pensable to  his  purpose.  He  asked  too  little  from  Nature ; 
nor  is  the  modesty  of  a  demand  other  than  a  poor  excuse 
for  failure  due  to  inadequacy  of  supply. 

Kant  made  the  germ  of  the  future  sun  to  consist  in  an 
aggregation  of  atoms  at  the  core  of  the  nebula,  which, 
growing  by  successive,  innumerable  accretions,  provided  the 
motive  power  for  the  machinery  of  planetary  construction. 
For  it  was,  as  we  have  seen,  the  jostling  of  the  particles 
drawn  towards  the  gradually  preponderating  centre  of 
attraction  which  set  on  foot,  it  was  supposed,  the  whirl 
eventually  transformed  into  the  tangential  velocities  of  the 
sun's  attendant  bodies.  They  were  formed,  like  the  sun, 
by  the  perpetuation  and  increase  of  subordinate  nuclei  sure 
to  arise  in  the  elemental  tumult.  They  were  formed,  not 
under  the  guidance  of  a  definite  law,  but  just  where  chance 
— or  what  seemed  like  chance — favoured  an  accretion. 
Nor  could  they  have  had  a  direct  rotation. t  Under  the 
given  conditions  retrograde  systems  should  have  originated. 
This  would  have  necessarily  ensued  from  the  incoherence 
of  their  materials.  Particles  revolving  iudependentlv  one 
of  the  others  have  smaller  velocities  the  more  remote  thev 
are  from  the  focus  of  movement.  Should  they  agglomerate 
into  a  globe,  the  inner  ranges  must,  as  being  the  swiftest, 
determine  the  direction  of  its  rotation,  which  will  conse- 
quently reverse  the  direction  of  its  orbital  revolution. 
Hence,  it  depends  upon  the  nature  of  their  generating 
stuff  no  less  than  upon  the  advance  of  central  condensation, 
whether  planets,  in  their  domestic  arrangements,  contra- 
vene or  obey  the  larger  law  of  circulation  prevailing  in 
the  system  to  which  they  belong ;  and  Kant's  nebula  was 
undoubtedly  such  as  to  involve  its  contravention. 

Yet  his  scheme,  with  all  its  deficiencies,  bore  the 
authentic  stamp  of  genius — of  genius  imperfectly  equipped 
with  knowledge,  but  original,  ix'uetrative,  divinatory.  The 
very  entitling  of  the  work  "  A  Natural  History  of  the 
Heavens  "  was  an  audacity  implying  a  radical  change  of 
conception.  It  was  here  that  "island-universes"  made 
their  definitive  appearance.  Wright  had  indeed,  five  years 
jn-eviously  (in  1750)  thrown  out  the  idea  that  "  cloud v 
spots"  might  represent  "external  creations  "  ;  but  as  a 
mere  vagary  of  the  scientific  imagination.  Kant  un- 
hesitatingly laid  hold  of  it;  classed  nebuhe  as  so  many 
separate  galaxies,  and  I'egarded  them  as  combining  with 
our  own  into  a  revolving  system  on  a  surpassing  scale  of 
grandeur.     Kant  was  also  the  first  to  take  into  account 

»  "  Sur  I'Origine  du  Monde,"  3»  cd.,  p.  136. 

t  This  also  was  pointed  out  by  M.  Faye,  loc.  cit.,  p.  150. 
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the  effects  on  tlieir  development  of  tbe  plasticity  of  the 
heavenly  bodies.  He  published  in  1754,  in  a  Kiini^'sherg 
paper,  bv  way  of  preliminary  to  his  forthcoming  "  Natural 
History,"  an  outline  of  the  woi-kings  of  tidal  friction  in 
the  earth-moon  system.  He  saw  clearly  that  it  had  acted 
in  the  jiast  to  reduce  our  satellite's  rotation  to  its  present 
minimum  rate  ;  and  that  it  even  now,  by  very  slow  degrees, 
tended  to  retard  the  spinning  of  the  earth.  This  brilliant 
intuition  remained  unnoticed  for  well-nigh  a  century. 

The  assertion,  however,  that  Kant's  Cosmogony  was  an 
anticipatory  "  Meteoritic  Hypothesis  "  lacks  foundation. 
It  is  only  true  in  the  sense  that  his  building-materials  were 
pulverulent,  not  "  fluid."  Laplace's  primitive  nebula  was 
a  coherent  mass.  It  rotated  as  a  whole ;  it  divided  only 
utider  considerable  strain  ;  its  separated  parts  showed 
concentrative  power  and  individual  unity.  Kant's  elemental 
matter,  on  the  contrary,  was  a  loose  aggregate  of  in- 
dependent particles,  each  pursuing  its  way,  disturbed 
indeed  by  its  neighbours,  but  essentially  isolated  from 
them.  They  were,  in  short,  genuine  Lueretian  atoms, 
intended  to  stand  for  the  ultimates  of  Nature,  so  far  as 
such  obscui-e  entities  could  be  evoked  by  fancy.  The  chaos 
that  they  formed  was  in  nowise  a  "meteoritic  plenum,' 
unless  the  phrase  be  emptied  of  all  distinctive  meaning. 
Meteorites,  so  far  from  being  primordial  units,  have  the 
show  and  semblance  of  advanced  cosmical  ju-oducts.  They 
raise  special  questions  in  chemistry,  mineralogy,  geology, 
and  physics,  claiming  to  be  dealt  with  by  experts  in  each 
branch.  Before  serving  for  explanatory  purposes,  in  fact, 
they  tiiemselves  need  to  be  explained. 

Laplace  enounced  his  Hypothesis  in  1796,  and  re- 
published it  with  supplementary  details  in  1808.  Herschel 
had  meanwhile  ascertained  the  retrograde  movement  of  the 
Uranian  satellite-system,  a  cii'cumstance  highly  damaging 
to  the  validity  of  the  adopted  line  of  reasoning ;  yet  its 
author  was  content  to  leave  it  in  jeopardy.  He  must,  to 
be  sure,  have  regretted  that  Nature  had  seen  fit  to  mar  the 
admirable  symmetry  indicative  of  her  presumed  plan  of 
action,  running  counter  thereby  to  the  plaiaiest  teachings 
of  the  doctrine  of  probabilities.  But  he  kept  his  own 
counsel  on  the  subject,  preferring  that  it  should  be 
discussed,  as  it  has  been,  by  posterity ;  and  posterity  has, 
at  any  rate,  learned  that  the  seeming  caprices  of  Nature 
are  often  more  instructive  than  her  most  harmonious 
regularity,  and  has  derived  a  warning  from  her  frequent 
breaches  of  continuity  against  the  undue  extension  of 
apparently  well-grovmded  inferences. 

Nevertheless,  the  constructive  scheme  handed  on  by  the 
eighteenth  to  the  nineteenth  century  has  not,  so  far,  been 
consigned  to  the  Limbo  of  Vanities.  It  accorded  too  pro- 
foundly with  imdoubted  realities  to  be  thus  summarily 
disposed  of.  No  one  then  living  had  studied  the  mechanism 
of  the  solar  system  so  attentively,  or  was  so  intimately 
acquainted  with  its  workings,  as  Pierre  Simon  Laplace. 
None  knew  better  how  admirable,  yet  how  far  from  inevit- 
able were  the  adjustments  by  which  its  stability  was  secured. 
Long  meditation  upon  their  poise  and  jdan  persuaded  him 
that  the  subsisting  congruities  of  arrangement  must  have 
had  their  source  in  community  of  origin.  He  thus  acquired 
the  settled  conviction  that  the  sun  engendered  his  cortege, 
or  was  together  with  it  engendered  from  one  parent-mass. 
And  this  virtually  new  truth  (for  Kant's  speculation  had 
attracted  the  minimum  of  notice)  was  set  forth  by  him 
with  a  directness  and  lucidity  which  won  for  it  an  imme- 
diate place  among  the  permanent  acquisitions  of  the 
human  intellect.  Few  perhaps  any  longer  believe  that 
planetary  formation  took  the  precise  course  laid  down  for 
it  in  the  "Systeme  du  Monde";  but  fewer  still  doubt  that 
the  entire  ambit  of  the  solar  system  was  once  occupied  by 
an  inchoate  sun,  and  that  its  component  bodies  came  into 


being  incidentally  to  that  sun's  progressive  contraction, 
In  favour  of  this  view  Laplace  could  allege  no  clinching 
argument ;  it  recommended  itself  to  him  solely  through 
its  inherent  probability.  Unexpected  confirmation  has, 
however.  l>een  afforded  to  it  by  the  modern  theorem  of  the 
conservation  of  energy,  applied  by  Helmholtz  with  widely 
illuminative  eft'ect  to  solve  the  problem  of  the  mainten- 
ance of  solar  heat.  Laplace  assumed  an  enormously  high 
initial  temperature.  It  was  the  only  way  open  to  him, 
and  he  took  it.  But  a  transcendentally  hot  nebula  is  not 
easily  conceivable;  an  exalted  thermal  state  seems,  and 
probably  is,  incompatible  with  a  high  degree  of  attenua- 
tion. The  key  to  the  enigma  was  given  by  the  demon- 
stration that  a  diffuse  mass,  although  actually  cold, 
might  contain  vast  stores  of  potential  heat.  There  was 
then  no  need  to  postulate  a  primitive  "fire-mist";  the 
surrendered  energy  of  position  amply  sufficed  to  meet  the 
requirements  of  the  case.  The  temperature  of  the  nebula 
necessarily  rose  as  it  contracted  through  gravitational 
stress  ;  shrinkage  and  heat-evolution  proceeded  together ; 
and  they  proceed  together  still.  We  live  by  the  collapse 
of  the  sun.  If  its  piarticles  ceased  to  descend,  their 
incandescence  would  quickly  fail,  and  terrestrial  vitality 
would  become  extinct. 

Their  number,  however,  being  finite,  the  store  of  energy 
they  can  supply  in  falling,  even  from  an  infinite  distance, 
is  also  finite.  The  process  of  solar  sustentation  is  then 
terminable  ;  it  had  a  beginning,  and  it  will  assuredly 
come  to  an  end.  Now  the  t-^rminus  ad  quern  is  of  a 
calculable  remoteness;  it  can  be  located  within  certain 
limits  of  lime.  But  the  terminvs  a  quo  depends  upon  too 
many  conditions  to  be  satisfactorily  defined  It  is  only 
certain  that  the  sun  is  to-day  slightly  more  condensed 
than  it  was  a  year  ago.  It  might,  a  few  millenniums 
back,  have  been  measurably  larger,  had  modern  micro- 
metrical  methods  been  available  in  the  Stone  Age  ;  while, 
looking  into  the  geological  past,  we  discern  a  continually 
more  diffuse  globe,  filling  the  orbit  of  Mercury  when  the 
earth  was  perhaps  still  red-hot,  then  successively  ampler 
spheres,  out  to,  and  beyond  that  of  Neptune.  And  here 
we  are  confronted  with  Lap)lace's  nebula.  The  state  of 
things  he  imagined  results,  accordingly,  from  two  opposite 
modes  of  enquiry,  by  tracing  forward  the  development  of 
a  tenuous  rotating  mass,  and  by  pursuing  backward  the 
surel}'  indicated,  unceasing  and  inevitable  distension  of 
the  sun.  Hence,  no  sooner  was  it  acknowledged  that 
energy  may  be  transformed,  but  cannot  be  destroyed,  than 
the  Nebular  Cosmogony  assumed  a  new  and  authoritative 
aspect. 

Its  scofie,  during  the  interim,  had  prodigiously  widened. 
Five  years  before  its  promulgation  at  Paris,  Herschel  gave 
at  Slough  the  first  hint  of  a  corresponding  scheme  of 
sidereal  evolution.  The  discovery  of  a  nebulous  star  in 
Taurus  (N.G.C.  1514)  set  him  pondering;  and  he  found 
himself,  as  the  upshot  of  his  meditations,  reduced  to  the 
dilemma  either  of  concluding  nucleus  and  chevelure  to  be 
alike  stellar,  though  composed  of  stars  differing  enormously 
in  real  magnitude,  or  of  admitting  the  possession  by  the 
star  of  a  voluminous  ajipendage  constituted  of  a  peculiar 
and  unknown  "  shining  fluid."  He  chose  the  latter 
alternative,  adding  the  jiregnant  remark:  "The  shining 
fluid  might  exist  independently  of  stars,"  and  "  seems 
more  fit  to  produce  a  star  by  its  condensation  than  to 
depend  on  the  star  for  its  existence."  * 

Thus  tentatively ,  and  under  the  compulsion  of  phenomena, 
rather  than  by  the  deliberate  choice  of  its  inventor,  the 
universal  theory  of  the  genesis  of  stars  from  nebulae  took 
its  rise.      Herschel  shaped  it  definitively  in  1811  and  1814 

*  Shil.  Trans.,  Tol.  LXXXI.,  p.  85. 
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into  a  formal  rationale  of  celestial  appearauces,  but  iu  a 
large  and  general  way.  He  made  no  attempt  to  realise 
the  particularities  of  a  process  vaguely  conceived  of  as  one 
of  growth  by  absorption  or  assimilation.  He  aud  Laplace 
thought  out  their  separate  schemes  quite  irrespectively 
one  of  the  other.  There  is  no  evidence  of  their  having  met 
or  corresponded,  nor  does  their  mutvial  influence  appear  to 
have  been  appreciable.  Yet  Laplace  needed,  as  the  raw 
material  for  his  solar  system,  precisely  the  "  shining  fluid  " 
elaborated,  one  might  say,  by  Herschel,  partly  through 
the  revelations  of  his  telescopes,  jmrtly  as  the  outcome  of 
his  reasonings  concerning  the  chevelure  of  the  star  in 
Taurus.  Halley,  it  is  true,  had  by  a  sagacious  intuition 
surmised  the  composition  of  nebul®  out  of  a  "  lucid 
medium."  But  the  ineffectual  phrase  remained  stranded 
in  the  pages  of  the  Philosophical  Transactions,  and  has  only 
of  late  been  set  floating  on  the  streatti  of  scientific  litera- 
ture. Down  to  the  end  of  the  eighteenth  century,  world- 
building  had  been  a  purely  speculative  undertaking.  It 
lacked  actuality  ;  it  was  concerned  with  operations  thought 
of  as  belonging  exclusively  to  a  past  order  of  things,  now 
over  and  done  with,  and  lying  wholly  outside  the  range  of 
experience.  Through  Herschel's  synthesis,  however,  those 
dimly  apprehended  operations  were  brought  into  view  as 
variously  progressing  even  now  in  different  parts  of  the 
Cosmos,  as  incipient  in  some  regions,  advanced  in  others, 
the  rubbish  of  the  workshop  here  half  masking  the  rising 
edifice,  while  elsewhere  signs  of  decay  and  exhaustion 
give  legible  presage  of  an  appointed  end.  And  this 
stupendous  vision  of  a  forming  universe  has  not  vanished 
on  critical  scrutiny.  It  is  no  dream-tissue ;  it  cannot 
dissolve  into  airy  nothingness ;  it  is  based  upon  a  firm 
substratum  of  reality.  The  immeasurable  purposes  of 
Creative  Wisdom  are  still  only  in  part  fulfilled.  It  has 
become  the  strange  privilege  of  humanity  to  contemplate, 
from  its  little  shoal  of  time,  the  oceanic  flow  of  their 
development.  Thus,  in  the  swing  of  the  ages,  Laplace's 
thought  was  caught  up  and  vitalised.  He  himself  was 
scarcely  sensible  of  their  movement.  He  recognised  very 
imperfectly,  if  at  all,  his  obligations  to  Herschel's  nebulous 
star.  His  means  were  inadequate ;  his  field  of  view 
narrow  ;  his  knowledge,  though  co-extensive  with  that  of 
his  time,  fell  short  of  what  his  boundless  task  demanded. 
In  some  respects  his  mode  of  procedure  was  faulty  ;  his 
forecasts  have  been  belied  ;  the  behaviour  imputed  by  him 
to  a  nebula  such  as  he  devised  is  questionable,  if  not 
impossible.  But,  with  the  instinct  of  genius,  he  hit  off'  the 
"psychological  moment"  ;  and,  divining  the  genetic  import 
of  harmonies  of  construction  obvious  to  perception,  but 
arduous  of  interpretation,  he  laid  down  with  masterly 
simj)licity  the  ground-plan  of  a  structure  likely  to  main- 
tain its  substantial  integrity  despite  innumerable  additions 
and  modifications. 


THE   PATH   OF   THE   MOON.-II. 

]iy     A.      C.      D.      CUOM.MELIN. 

Wii  now  pass  on  to  the  second  part  of  the  subject— viz., 
the  more  accurate  study  of  the  shape  of  the  Moon's  path 
round  the  Earth.  If  we  suppose  her  to  have  been  so  pro- 
jected as  to  describe  a  circle  round  the  Earth  in  the  plane 
iif  the  ecliptic,  then  the  Sun's  disturbing  action  would 
distort  this  circle  into  an  oval  with  its  shorter  a.\is  in  the 
direction  of  the  iSuu  and  its  longer  one  at  right  angles  to 
this  direction.  The  diameters  of  the  oval  are  as  (39  to  70, 
which  implies  that  the  Moon  is  ou  the  average  3400  miles 
nearer  at  syzygies  (New  or  Full)  than  at  quadrature.    We 


can   verify  this  by  taking  the  Moon's  Parallax  at  the  4 
quarters  for  the  "  Nautical  Almanac  "  for  several  years  and 
taking  the  average  value  of  each.     Thus  for  the  nine  years 
1883 — 1891  the  average  parallaxes  are  as  follow — 
New  Moon  57'-62,  Full  Moon  57'-65,  First  and 
Last  Quarter  56''81. 

This  oval  is  known  as  the  Variation  curve,  and  in  the 
researches  on  the  Moon's  motion  commenced  by  Prof.  Hill, 
and  now  being  continued  by  Prof.  B.  W.  Brown,  it  is 
taken  as  the  starting  point  on  which  all  the  other  distur- 
bances are  su]>erposed.  This  method  promises  to  give  at 
once  greater  facility  and  greater  accuracy  in  the  study  of 
the  Moon's  motion. 

It  will  be  noticed  that  the  New  Moon  is  slightly  further 
away  (about  120  miles)  than  the  Full  Moon.  It  is  also 
found  that  the  time  from  Last  Quarter  to  First  Quarter 
is  (on  the  average  of  a  large  number  of  lunations)  a 
quarter  of  an  hour  longer  than  that  from  First  Quarter  to 
Last  Quarter.  These  are  known  as  the  Parallactic  Inequali- 
ties in  the  Moon's  distance  and  longitude,  since  they 
depend  on  the  Sun's  distance,  and  would  disappear  if  this 
were  sensibly  infinite  compared  with  the  Moon's.  The 
inequality  in  longitude  can  be  determined  observationally 
by  observations  near  the  First  and  Last  Quarters,  extend- 
ing over  many  years,  and  the  Sun's  distance  can  be 
deduced  from  the  result.  Prof.  Hansen,  in  this  way,  found 
that  Encke's  value  of  the  Sun's  distance  (95.^  millions  of 


Fio  3.— The   Variation  Oval. 
O  =  llouii  Moon.     •  =  Moon  affected  b_v  variation. 

miles)  was  too  great.  Hansen,  however,  reduced  it  too 
much,  his  value  being  about  91  ^  millions,  instead  of  the 
now  accepted  value  of  9'S  millions.  The  diagram  (Fig.  3) 
gives  an  idea  of  the  shape  of  the  Variation  curve  ;  the 
departure  from  circularity,  as  also  the  slight  displacement 
of  the  Earth  from  the  centre  of  the  oval,  are  very  greatly 
exaggerated.  The  white  circles  indicate  the  position  of 
the  Mean  Moon,  while  the  black  ones  indicate  that  of  the 
Moon  aftecti'd  l)y  the  Variation.  If  we  leave  the  Paral- 
lactic Inequality  "out  of  consideration  we  see  that  the  effect 
of  the  Variation  on  her  direction  vanishes  at  all  4  quarters, 
aud  roaches  a  maximum  at  the  intermediate  points  or 
octants,  where  it  amounts  to  39V.  At  the  first  aud  fifth 
octant  the  Moou  is  iu  advance  of  the  Mean  Moon  by  this 
amotmt,  while  at  the  third  and  seventh  it  is  the  same 
amount  behind  it. 

The   ancient  astronomers  trusted  chiefly  to  eclipses  for 
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the  determination  of  the  Moon's  place,  and  consequently 
did  not  detect  the  Variation,  since  the  latter  vanishes  (as 
regards  her  direction)  at  both  New  and  Full  Moons. 

'I'he  undisturbed  path  of  the  Moon  round  the  Earth  is 
not,  however,  a  circle,  but  an  ellipse  with  ecceutricity  y'g. 

This  produces  the  elliptic  inequalities  in  her  distance 
and  direction.  At  perigee  and  apogee  her  direc^tion  is  the 
same  as  that  of  the  Mean  Moon,  but  her  distance  is 
]  3,200  miles  less  or  gi-eater  than  the  mean  distance, 
238,818  miles.  One  quarter  of  a  i  evolution  after  perigee 
she  is  at  her  mean  distance,  but  (!■  lOj'  in  advance  of  the 
Mean  Moon,  while  one  quarter  of  a  revolution  before 
perigee  she  is  an  equal  amount  behind  it. 

The  first  effect  of  the  Sun's  action  on  this  elliptic  motion 
is  to  malie  the  perigee  move  round  the  Earth  in  a  period 
of  8  85  years,  so  that  an  anomalistic  month  (from  perigee 
to  perigee)  is  slightly  longer  than  a  sidereal  one.  But  in 
addition  to  this  continuous  effect  there  is  a  periodic  effect, 
known  as  the  Evection,  which  pi-oduees  a  large  oscillation, 
both  in  the  eccentricity  of  her  orbit  and  in  the  direction 
of  her  perigee.  When  perigee  occurs  at  New  or  Full 
Moon  the  eccentricity  rises  from  UOo-S  to  00G6,  while 
when  ])erigee  occurs  at  First  or  Last  Quarter  it  falls  to 
0-044. 

The  perigee  point  has  a  mean  annual  motion  of  40§", 
but  the  Evection  makes  its  motion  oscillatory.  At  all 
the  four  quarters  the  directions  of  true  and  mean  perigees 
coincide.  When  perigee  occurs  at  the  1st  or  5th  octant 
(vide  the  "  variation  "  diagram)  the  perigee  point  lags 
some  25*^  behind  its  mean  position,  while  at  the  3rd  or 
7th  octant  it  is  an  equal  amount  ahead  of  it.  At  these 
times  the  eccentricity  of  the  orbit  has  its  mean  value  0-055. 

Owing  to  the  Earth's  orbit  round  the  Sun  not  being 
circular,  the  disturbing  action  of  the  Sun  on  the  Moon 
undergoes  an  annual  variation.  This  produces  the  "  annual 
equation  "  of  the  Moon's  longitude ;  she  is  at  her  mean 
place  about  January  1st  and  July  1st.  some  11'  behind  it 
about  April  1st,  and  an  equal  amount  ahead  of  it  about 
October  1st. 

Some  readers  may  be  glad  to  have  the  means  of  com- 
puting with  tolerable  accuracy  the  Moon's  longitude, 
latitude,  and  parallax  for  any  epoch.  Thus  questions 
sometimes  arise  as  to  the  date  of  New  Moon  in  some 
distant  year,  or  the  position  of  the  Moon  after  some  battle 
or  other  historical  event,  and  one  has  not  always  books  of 
reference  at  hand  to  give  the  information.  The  notation 
in  the  following  formuhe  is  that  of  Delaunay,  but  the 
mmierical  values  of  I,  V,  F,  D,  are  due  to  Newcomb. 

We  first  find  the  interval  in  days  between  the  ejioch 
required  and  1900,  January  1,  Greenwich  noon.  This 
interval  is  called  n,  and  is  positive  when  the  epoch  is  after 
1900.  AVe  ne.\t  calculate  the  values  of  /,  /',  F,  D,  from 
the  following  formuke  : — 

/  =  Moon's  Mean  Anomaly  =  309°174  +  13"-0G4993  n. 

V  =  Sun's  Mean  Anomaly   =  359°-4t)5  +  0°-9S5600  ». 

r=  Moon's  Mean  Longitude  measured  from  Asc. 
Node  =  24=-482  +  13°-22935l  «. 

D  =  Difference  of  Mean  Longitude  of  Moon  and  Sun  = 
2°-930  +  12°-190750  ». 

Theu  the  following  formula  gives  us  the  Moon's 
Longitude  :  — 

Longitude  =  283°-614  +   1.3°'l 76395  >i    -    0°-186  sin.  /' 
+  6°-289  sin.  I 
+  0°-04l  sin.  {I  -  V)  -  0-030  sin.  (l  +  l')  + 

0°-2l4  sin.  2  / 
-  0''-114  sin.  2  F  +  0°-65S  sin.  2  D  +  0=046 

sin.  (2D  -?') 
+  0°-053  sin.  (2  D  +  /)  +  l=-274  sin.  (2  D  -  0 

+  0'-057  sin.  (2  D  -  /  -  T) 
+  0-059  sin.  (2  D  -  2  /)  -  0°'035  sin.  D. 


For  the  smaller  tenns  a  very  rough  computation  of  the 
angles  will  sufiice.  The  error  of  the  deduced  longitude 
will  seldom  exceed  3'.  For  distant  epochs  we  may  apply 
the  following  correction  to  the  longitude  for  secular 
acceleration  (taken  as  8"  per  century). 


Years  before 

Correction  to 

Years  before 

Correction  to 

or  after  1900. 

Longitude. 

or  after  1900. 

Longitude. 

200 

+  o-'oi 

IIUO 

+  0-27 

300 

+  OVi 

1200 

+  0-32 

400 

+  004 

1300 

+  0  37 

500 

+  0-OG 

1400 

+  0-43 

600 

+  o-os 

1500 

+  0  50 

700 

+  0-11 

IGOO 

+  0-57 

800 

+  0-14 

170U 

+  0-64 

900 

+  0-18 

1800 

+  0-72 

1000 

+  0  22 

1900 

+  0-80 

In  the  above  equation  the  term  with  argument  ?'  is  the 
"  annual  equation, '  that  with  /  the  "  elliptic  inequality" 
with  2  F  the  "  reduction,"  with  2  D  the  "  variation,"  with 
2  B-l  the  "Evection,"  with  D  the  "Parallactic  In- 
equality." 

The  "Moon's  Latitude  =  5°-I28  sin.  F  -|-  0=281  sin. 
(F  +  I)  -  0°-278  sin.  (F  -  I)  +  0°-033  sin.  (2  D  -f  F) 
-f-  0=055  sin.  (2  D  +  F  -  ?)  +  0°-173  sin.  (2  D  -  F) 
4-  0°-046  sin.  (2  D  -  F  -  /). 

The  formula  for  the  Parallax  is  very  simple  ;  the  follow- 
ing expression  will  give  it  to  within  a  few  seconds  of  arc  : 

Parallax  =  67'-04  +  3'-ll  cos.  I  +  0'-l7  cos.  2  /  -f  0'-47 
cos.  2  D  +  0'-57  cos.  (2  D  -  ?)• 

The  semidiameter  may  be  found  by  taking  .j^  of  the 
Parallax  and  then  subtracting  I", 

The  term  in  the  latitude  with  argument  2  D  —  F  is 
strikingly  similar  to  the  Evection.  It  has  the  effect  of 
making  the  inclination  of  her  orbit  to  the  ecliptic  a 
maximum  (5"  18')  when  New  Moon  or  Full  Moon  occur 
at  a  node,  while  it  is  a  minimum  (5"^  0')  when  First  or 
Last  Quarter  t)ccurs  at  a  node.  Thus  the  inclination  is  at 
a  maximum  for  all  eclipses,  and  in  consequence  we  get 
rather  fewer  eclipses  than  we  otherwise  should. 

The  motion  of  the  node  is  also  oscillatory  as  that 
of  the  perigee  is,  but  to  a  much  smaller  extent.  Thus  the 
True  Node  coincides  with  the  Mean  Node  when  Nodal 
passage  occurs  at  any  of  the  4  quarters  ;  it  is  retrograding 
at  double  the  Mean  rate  when  the  node  is  passed  at 
quadrature,  while  it  practically  stands  still  when  the  node 
is  passed  at  syzygies. 

When  the  node  is  passed  at  the  1st  or  5th  octant  the 
longitude  of  the  True  Node  is  some  2'  less  than  that  of 
the  Mean  Node,  while  at  the  3rd  or  7th  octant  it  is  an 
equal  amount  greater  than  it. 

The  method  of  expressing  the  perturbations  as  the  sums 
of  series  of  sines  and  cosines  of  uniformly  varying  angles 
is  that  which  is  emjiloyed  in  all  the  lunar  and  planetary 
tables.  When  such  tables  have  once  been  constructed,  the 
computation  of  the  place  of  the  Moon  or  planet  at  any 
time  is  merely  a  matter  of  simple  arithmetic. 

In  the  above  description  of  the  Moon's  True  path  round 
the  Earth,  no  attempt  has  been  made  to  explain  thereascm 
of  the  various  inequalities  ;  it  is  not  indeed  easy  to  get  far 
in  the  theory  of  the  subject  without  the  use  of  analytical 
methods.  But  in  a  difficult  problem  like  the  Lunar  Theory 
I  believe  the  best  method  is  to  commence  with  an  accurate 
arithmetical  conception  of  the  nature  of  the  Moon's 
motion,  after  which  theoretical  researches  can  be  pursued 
with  much  ijreater  interest  and  facility. 
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[The  Editors  do  not  bold  themselves   responsible    for   the   opinions 
or   statements   of   correspondents.] 

DID    THE    ROMANS    KNOW    ALUMINIUM  r 

TO    THE    EDITORS    OF    KNOWLEDGE. 

Sirs, — The  origin  of  the  legend  (xee  Knowledge, 
September,  1902,  p.  20-i)  whieli  may  lead  us  to  suppose 
that  the  Romans  may  have  known  aluminium  is  to  be 
traced  to  a  passage  of  Petroiiius'  "  Satyricon,"  Chapter 
LI.,  (1)  of  which  the  following  is  a  translation  : — 

"  However,  a  workman  succeeded  in  making  a  cup  of  a 
kind  of  glass  which  could  not  be  broken.  Admitted  to  the 
presence  of  the  Emperor,  he  presented  it  to  him,  then, 
begging  to  have  it  handed  back  to  him,  he  threw  it  down 
en  the  stone  tloor.  The  Emperor  could  not  help  shuddering, 
but  the  workman  picked  it  up  all  dented,  as  would  have 
been  the  case  if  made  of  bronze,  took  out  a  small  hammer 
from  his  pocket,  and,  without  being  in  the  least  concerned, 
tlioi'oughly  repaii'ed  the  damage.  After  this,  he  already 
thought  himself  un  Jupiter's  throne,  especially  when  he 
heard  himself  being  asked  :  '  Is  there  any  man  acquainted 
with  thy  process  ?  Think.'  '  No  one.'  The  Emperor 
thereupon  ordered  his  head  to  be  cut  off,  for  if  the  thing 
once  got  to  be  known,  gold  and  sand  would  have  the  same 
value  for  us." 

Petronius'  account  was  written  about  a.d.  60.  Pliny  the 
Elder  (2)  (Hist.  Naturalis  I.  XXXVI.,  c.  26)  succinctly 
records  it,  perhaps  after  Petronius,  without  seeming  to 
give  it  very  much  credit.     His  text  dates  from  a.d.  75. 

According  to  Dion  Cassius  (o),  Roman  History  (written 
about  A.D.  220)  (R.R.  lib.  LVII.,  c.  21),  the  anecdote  would 
be  posterior  to  a.d.  22. 

Isidorus  of  Sevilla  (4),  who  lived  in  the  Vllth  century 
of  the  Christian  era,  and  who  is  known  especially  for  his 
"  Etymologies,"  relates  Petronius'  account,  while  somewhat 
modifying  it. 

In  his  Ijook  of  Etymologies  (16th  book,  chap.  16),  the 
following  is  in  effect  to  be  found:  — 

'■  It  is  said  that  under  the  reign  of  Tiberius  a  workman 
had  iuventi'd  a  vitreous  combination  (vitri  temperameiitum) 
which  was  flexible  and  ductile." 

He  then  recounts  substantially  the  same  anecdote  as 
that  I  have  quoted  from  Petronius.    . 

To  sum  up,  the  anecdote  which  may  give  occasion  to 
sup[)ose  that  aluminium  was  known  in  the  time  of  the 
Romans  must  date  from  about  a.d.  2.5  (according  to  Dion 
Cassius)  at  Rome. 

We  kuow  it : — 

1st.  From  Petronius'  Sat.  .51  (about  a.d.  60),  a  picturesque 
anecdote. 

2nd.  From  Pliny  the  Elder,  H.  N.  XXXVI.,  26  (about 
A.D.  75),  a  mere  mention. 

ord.  From  Dion  Cassius,  H.  Rom.  57,  21  (about  a.d. 
220),  a  mere  mention. 

■tth.  From  Isidoi'us  of  Sevilla,  Etym.  XVI.,  15,  6  (about 
A.I).  600),  an  anecdote  similar  to  that  of  Petronius. 

With  the  exception  of  the  last  of  these  accounts,  it  is 
clearly  a  question  of  an  "  unbreakable  glass  "  ;  and,  in 
fact,  Petronius'  anecdote  has  been  attributed  to  the  manu- 
facture of  annealed  glass. 

If  we  refer  to  the  passage  in  Petronius,  we  will  notice 
that  the  author  has  put  the  account  into  Trymalcion's 
mouth,  following  upon  another  account  aboutthe  origin 
of  the  Corinthian  bronze,  which  is  evidently  absurd.  In 
fact,  Petronius  wanted  to  make  Tryuialciou  appear 
ridiculous,  and  his  commentators  (Panckouke  Translation) 
point  out  that  the  legend  of  ductile  glass  was  a  tale  of 
anti(iuity  which  no  longer  found  any  belief  a(  the  beginning 
of  (he  Christian  era 


And  now  we  can  ask  ourselves  the  question — supposing 
the  anecdote  related  by  Petronius  is  serious — in  what 
manner  could  Tiberius'  workman  have  obtained  aluminium  r 

A  few  years  after  the  discovery  of  aluminium,  a  memo- 
randum from  M.  Chapelle  appeared  in  the  Reports  of  the 
Academy  of  Sciences,  tending  to  prove  that  by  heating  a 
mixture  of  chloride  of  sodium,  clay,  and  charcoal,  a  multi- 
tude of  metallic  globules  are  obtained,  which  would  be 
aluminium. 

Good  Isidorus  of  Sevilla,  who  after  his  account  gives 
such  an  ingenuous  note,  will  not  accuse  us  of  being  naive 
if  we  say  that,  given  its  origin,  this  note  may  be  taken 
seriously. 

In  the  course  of  work  which  has  led  me  to  obtain  blue 
glasses  with  base  of  chromium,  I  had  occasion  to  make  an 
interesting  experiment.  In  a  paper  which  the  "  Berichte 
der  Deuts.che  Chemische  Gesellschaft "  (1898)  have 
inserted  in  its  entirety,  and  to  which  the  "  Chemical 
News"  (5)  (Vol.  78,  No.  2021,  1898)  has  likewise  given 
ample  hospitality,  I  have  published  the  following 
experiment : — 

I  have  heated  .in  a  fireclay  crucible  lined  with  charcoal 
a  mixture  of  borax  and  alumina  with  a  small  quantity  of 
dichromate  of  potassium  and  a  C|uantity  of  silica  equal  to 
a  two-fifth  part  of  the  alumina  used,  a  metallic  pellicle  was 
formed,  consisting  for  the  most  part  of  aluminium. 

It  is  well  known  that  boric  acid  is  plentiful  in  Italy, 
since  for  a  long  time  the  greatest  part  of  the  borax 
delivered  for  the  purposes  of  industry  came  from  the 
lagoons  of  Tuscany.  Therefore,  it  is  not  impossible  that 
the  three  bodies — boric  acid,  potassium,  clay — which  under 
the  influence  of  charcoal,  perhaps  favoured  by  small  quan- 
tities of  foreign  substances,  may  give  aluminium,  might 
have  been  brought  together. 

However,  I  have  not,  any  more  than  Tiberius'  workman, 
the  pretension  of  having  obtained  pure  aluminium  by  this 
process ;  but  it  appears  to  me  interesting  to  compare  this 
result  of  an  experiment,  which  interested  a  few  chemists 
at  the  time  I  made  it  known,  with  the  question  raised  by 
your  correspondent. 

At  any  rate,  the  question  deserved  to  be  asked,  and  here 
the  legend  is  indeed  of  more  worth  than  many  well  estab- 
lished truths,  since  it  leads  one  to  make  curious  experi- 
ments ;  as  for  me,  I  am  indebted  to  it  for  the  discovery  of 
the  reduction  of  alumina  liy  aluminium,  as  well  as  that  of 
the  extraordinarily  energetic   combustion  of  a  mixture  of 
water  and   pulverised  aluminium,  which  is  set  alight  by 
means  of  a  little  dry  powdered  magnesium. 
A.  DuBoix. 
Jhcteur  ex-Sciences  Pliysiijiies,  Maltrr  de  Conferences 
a  III  Fdcult''  (h's  Scitnces  de  Grenoble. 


Siii   GEORGE    STOKES. 
By   the   death    on    February   1st  of   Sir   George   Gabriel 
Stokes  this  country  lost  one  of  the  most  eminent  men  of 
science  that  it  has  ever  jiossessed,  and  the  gi-eatest  mathe- 
matician iif  the  day. 

He  was  born  on  August  13tb,  1819,  at  Skreen,  Co.  Sligo, 
his  parents  being  the  Rev.  Gabriel  Stokes,  the  Rector  of 
the  parish,  and  Elizabeth,  daughter  of  the  Rev.  John 
Haughton,  Rector  of  Kilrea.  When  thirteen  years  of  age 
he  wns  sent  to  Dublin  to  be  educated  at  the  school  of  the 
Rev.  R.  H.  Wahl,  d.d.,  from  which  he  passed  in  1835  to 
Bristol  College.  At  the  age  of  eighteen  he  entered  Pembroke 
College.  Cambridge,  where  in  IS-il  he  graduated  as  Senior 
Wrangler  and  First  Smith's  Prizeman.    He  became  Fellow 
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of  his  College  in  the  same  year,  and  held  the  Fellowship 
until  1857,  when  he  vacated  it  on  his  marriage  to  Mary, 
daughter  of  the  Rev.  T.  R.  Robinson,  d.d.,  Director  of 
Armagh  Observatory.  He  was  reinstated  in  the  Fellow- 
ship when  the  new  statutes  of  the  College  rendered  this 
possible.  He  was  appointed  in  1849  Ijucasiau  Professor 
of  Mathematics  in  the  University  of  Cambridge,  the  chair 
held  one  hundred  and  eighty  years  earlier  by  Sir  Isaac 
Newton.  He  was  elected  Fellow  of  the  Royal  Society  in 
18.51,  became  its  Secretary  in  1851,  and  its  President  from 
1885  to  1890.  From  this  Society  he  received  theRumford 
and  the  Copley  Medal ;  the  former  in  1852  in  recognition 
of  his  investigations  regarding  the  refrangibility  of  light, 
the  latter  in  1893.  In  1869  he  presided  over  the  British 
Association  at  its  meeting  in  Exeter.  He  was  elected  as 
one  of  the  Members  for  the  University  in  Parliament  from 
1887  to  1892,  and  was  created  a  baronet  in  1889. 

The  above  brief  list  may  serve  to  give  some  little  idea 
of  the  honours  to  which  he  so  deservedly  attained.  Of  the 
work  which  he  performed  it  is  impossible  to  give  any 
adequate  idea;  it  can  only  be  fully  appreciated  by  those 
to  whom  he  had  been  as  intellectual  parent.  We  can, 
perhaps,  best  summarize  his  scientific  career  and  work  in 
the  concluding  words  of  an  article  written  by  Prof.  J.  J. 
Thompson  for  the  Camhridge  Bevimv  of  1899,  June  1st, 
in  connection  with  the  celebration  of  the  Jubilee  of  Sir 
George  Stokes  as  Lucasian  Professor  : — "  By  his  researches 
on  hydrodynamics  he  has  founded  a  new  liranch  of  the 
science;  in  optics  he  has,  to  use  the  words  of  Lord  Kelvin, 
been  the  teacher  and  guide  of  his  contemporaries ;  he  was 
the  first  to  enunciate  in  his  lectures  the  principles  on  which 
spectrum  analysis  is  founded  ;  he  unravelled  the  laws  of 
fluorescence  ;  he  investigated  the  variation  of  gravity  over 
the  surface  of  the  earth;  he  solved  jiroblems  of  the  greatest 
difficulty  in  pure  mathematics ;  whilst  the  latest  of  his 
long  series  of  researches  is  his  remarkable  paper  on  the 
nature  of  Routgen  rays.  His  papers  are  the  classics  of 
science ;  they  are  remarkable,  not  only  for  the  results 
obtained,  but  alsp  for  their  perfect  clearness  of  e.x:pression 
and  thought,  for  the  elegance  of  the  mathematical  methods, 
for  their  maturity  of  judgment,  and  for  that  care  and 
finish  on  which  so  much  of  the  impressiveuess  of  a  paper 
depends. 

These  researches  show  the  combination  of  supreme 
mathematical  and  experimental  j)0\ver ;  with  simple 
apparatus  and  without  the  ajjpliances  which  are  now  at 
the  command  of  physicists,  he  has  made  experiments 
which  have  settled  some  of  the  most  crucial  points  iu 
optics,  and  which  will  be  quoted  as  long  as  science  exists. 
The  rooms  iu  Pembroke,  where  he  made  many  of  his 
experimeuts,  wiU  in  the  history  of  science  and  of  the 
University  be  associated  with  tho.se  in  the  old  court  of 
Tj'inity,  where  Newton  made  the  prism  reveal  the  nature 
of  white  light.  And,  indeed,  there  are  many  points  of 
resemblance  between  the  careers  of  Newton  and  of  Stokes : 
both  held  the  Lucasian  Professorship,  both  were  Presidents 
of  the  Royal  Society,  both  represented  the  University  in 
Parliament;  and  the  resemblance  is  not  confined  to  the 
offices  they  held,  it  extends  to  their  type  of  mind.  Often, 
in  reading  Stokes's  papers,  we  feel  this  is  just  how  Newton 
would  have  treated  this  point,  these  are  the  deductions 
which  Newton  would  have  drawn." 


Entomological. — Prof.  W.  N.  Wheeler  continues  his 
studies  of  North  American  ants,  that  have  been  previously 
mentioned  in  these  columns.  In  the  American  Naturalist , 
Vol.  XXXVI.,  1902,  pp.  88-100,  he  describes  Poyo/joTOi!/r»;e.T; 
imherhiculus,   a   new    "  Agricultural "    Ant,    from   Texas. 


Incidentally  he  refutes  the  popular  and  widely-diffused 
notion  that  some  ants  of  this  genus  cultivate  a  particular 
kind  of  grass — the  "ant  rice" — protecting,  weeding,  and 
reaping  their  crops.  These  ants  feed  largely  on  grass  seeds, 
and  when  some  of  the  seeds  that  they  have  brought  into 
their  minute  storehouses  sprout  so  far  as  to  become  unfit 
for  food,  the  ants  carry  them  out  to  a  kind  of  rubbish 
heap,  which  often  forms  a  circle  around  their  nests.  These 
seeds  may  then  germinate  and  grow  u]j,  forming  an  im- 
perfect ring  of  grass,  but,  as  Prof.  Wheelei-  remarks,  to 
state  that  the  ants  "  sow  this  cereal  for  the  sake  of 
garnering  its  grain,  is  as  absurd  as  to  say  that  the  family 
cook  is  planting  an  orchard  when  some  of  the  peach 
stones  which  she  has  carelessly  thrown  into  the  back-yard 
chance  to  grow  into  peach  trees." — G.  H.  C. 


Geogkaphical. — Dr.  Carl  Lumholtz,  who  spent  five 
years,  between  1890  and  1898,  in  North-western  Mexico, 
recently  read  a  very  interesting  paper  on  his  explorations 
and  researches  before  the  Royal  Geographical  Society  (see 
the  Geographical  Journal,  February,  190o).  Dr.  Lum- 
holtz  lived  for  a  considerable  time  alone  with  various 
Indian  tribes  in  the  western  Sierra  Madre  Dr.  Lum- 
holtz's  ethnological  researches  and  collections  are  of  great 
interest  and  importance.  Speaking  of  the  endurance  of 
the  members  of  a  tribe  called  the  Tarahumare,  tlie  author 
mentions  that  these  people  will  easily  run  one  hundred 
and  seventy  miles  without  stopping.  They  have  regular 
races  as  a  test  of  endurance  rather  than  speed.  As  a 
proof  of  their  insensibility  to  jiain.  Dr.  Lumholtz  once 
witnessed  twenty-three  hairs  pulled  out  in  one  stroke  from 
the  head  of  a  sleeping  child,  who  merely  scratched  its 
head  a  little  and  slept  on.  Many  of  the  Indians  of  the 
Sierra  Madre  are  very  musical,  and  Dr.  Lumholtz,  who 
has  learned  their  songs,  gave  examples  of  them  iu  the 
course  of  his  pajJer.  Most  of  these  tribes  are  deeply 
religious,  and  Dr.  Lumholtz  has  studied  particularly  their 
symbolism.  Every  little  detail  and  ornament  bears  not 
only  a  religious  significance,  but  often  forms  an  actual 
prayer.  The  author  referred  to  certain  species  of  cacti, 
which  are  worshijjped  by  two  tribes  of  Indians,  a  regular 
cult  being  instituted,  whose  main  purpose  is  to  promote 
the  health  of  the  tribe  as  well  as  to  bring  rain.  The  plant 
is  supposed  to  talk  and  sing,  and  to  feel  joy  and  pain.  It 
has  great  exhilarating  properties,  and  allays  all  feelings  of 
hunger  and  thirst,  and  does  away  w'ith  all  exhaustion.  It 
also  produces  colour-visions.  A  great  feast,  elaborate  and 
lengthy  preparations  for  which  are  made,  is  held  at  certain 
times,  at  which  the  plant  is  eaten.  The  main  feature  of 
the  feast  is  a  peculiar  kind  of  dancing  by  men  and  women, 
whose  faces  are  painted  with  various  designs  with  a 
symbolic  meaning. 

Zoological. — The  Society  for  the  Protection  of  Birds 
held  a  very  successful  and  well-attended  annual  meeting 
on  February  10th,  under  the  chairmanship  of  the  Duke  of 
Bedford.  During  the  year  1902  the  Society  made  distinct 
advances  in  several  directions.  A  short  Bill,  framed  by 
the  Committee  of  the  Society,  was  passed  through  the 
Houses  of  Parliament.  It  provides  for  the  confiscation  of 
any  bird  unlawfully  killed  or  cajitured,  or  any  egg  un- 
lawfully taken.  Formerlj'  the  specimens  illegally  secured 
were  often  of  more  value  than  the  fine  imposed.  The 
Society  may  be  congratulated,  too,  on  having  been  the 
means  of  inducing  the  authorities  in  British  India  to 
prohibit  the  exportation  of  bird  skins  and  feathers  (except 
ostrich  feathers  and  boiiii  fide  specimens  "  illustrative  of 
natural  history  ")  from  that  country.  The  Society  are 
doing  good  work,  too,  in  encouraging  the  young  to  take 
an  intellisjent  interest  in  bird-life. 
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Our  knowledge  of  the  vertebrate  zoology  of  Egypt  has 
been  largely  augmented  by  the  appearance  of  the  handsome 
and  spleudidlv  illustrated  volume  ou  the  Mammalia  by 
the  late  Dr.  J.  Anderson  and  Mr.  W.  E.  de  Winton. 
The  manuscript  was  left  in  a  forward,  although  incomplete, 
state  at  the  (leath  of  the  author,  and  to  Mr.  de  Winton 
was  assigned  the  task  of  revising, completing,  and  preparing 
it  for  press.  How  great  and  how  difficult  has  been  his 
share  of  the  task,  only  those  who  have  been  to  some 
extent  behind  the  scenes  are  in  a  position  to  fully  realise. 
Needless  to  say  these  difficulties  have  been  overcome,  and 
the  work  in  its  present  form  will  long  remain  the  standard 
authority  on  the  subject.  Thanks  to  the  practice  of 
issuing  "  preliminary  notes,"  no  new  species,  and  only  a 
single  new  race  are  named  in  the  volume.  Many  revisions 
in  nomenclature,  for  all  of  which  Mr.  de  Winton  seems  to 
be  responsible,  are,  however,  made,  and  must  apparently  be 
adopted  by  future  writers.  The  beauty  and  number  of 
the  coloured  yjlates  form  a  special  feature  of  the  work.  The 
thanks  of  all  naturalists  are  due  to  Mrs.  Anderson  for 
having  arranged  that  the  labours  of  her  late  husband 
should  not  be  lost  to  the  worM. 

Much  interest  attaches  to  the  description,  by  Professor 
J.  C.  Ewart  of  Edinburgh,  of  a  breed  of  pony  from 
Iceland,  the  Faroes,  and  some  of  the  Western  Hebrides, 
characterised  by  the  absence  of  callosities  on  the  hind- 
legs  and  the  sparse  hairing  of  the  base  of  the  tail.  The 
colour  is  yellow-dun,  with  black  points,  a  dark  stripe 
down  the  back,  and  traces  of  striping  on  the  face  and 
limbs.  This  breed,  for  which  the  name  Equiis  cabaUus 
celti'ciin  (why  "  Celtic  "  ?)  is  proposed,  is  regarded  by  its 
desci'iber  as  the  descendant  of  the  horse  domesticated  by 
the  inhabitants  of  Western  Europe  during  the  palaeolithic 
age.  Prof.  Ewart  also  discusses  the  nature  of  the  callosities, 
or  warts,  oa  the  limbs  of  the  horse-tribe,  and  comes  to  the 
conclusion  that  they  are  remnants  of  foot-pads,  and  have 
nothing  to  do  with  glands.  He  even  goes  so  far  as  to 
correlate  the  fore-callosity  with  the  supplemental  pad  on 
the  fore-foot  of  a  dog,  while  the  hinder  pair  he  identifies 
with  the  posterior  pad  on  the  foot  of  the  Australian 
banded  anteater  {Mijrmrcohiu>!). 

We  are  glad  to  learn  that  Mr.  de  Winton  has  been 
appointed  Acting  Superintendent  of  the  Zoological 
Society's  Gardens,  Regent's  Park,  in  the  room  of  Mr.  C. 
Bartlett,  retired.  Mr.  de  Winton  has  already  commenced 
operations  on  the  unsightly  bank  by  the  canal  where  the 
Japanese  and  some  other  deer  were  formerly  kept,  and  the 
work  promises  to  be  a  great  improvement.  The  deer  liave 
been  removed  to  more  suitable  enclosures.  Doubtless 
other  alterations  will  be  undertaken  when  time  and  other 
ci rcumstances  penuit. 


Bvitisl)  #rntrt)ological  Notes. 

CoHdiicted  hi/  Habry  F.  Witheuby,  f.z.s.,  m.b.o.u. 

The  Mighations  of  the  Fifldfahe. — Attention  has 
been  drawn  in  the  columns  of  Knowledge,  from  time  to 
time,  to  Mr.  VV.  Eagle  Clarke's  valuable  work  on  the 
migrations  of  British  birds.  At  the  1902  nicoting  of  the 
British  Association  the  Bird  Migration  Committee's  report 
consisted  of  summaries  by  Mr.  Clarke  of  the  migratory 
movements  of  the  Fieldfare  and  the  Lapwing.  In  former 
summaries  (viz.,  those  of  the  migrations  of  the  Song  Thrush, 
White  Wagt:iil,  Syklark  and  Swallow)  the  lighthouse 
returns  for  the  years  of  the  special  enquiry  (1SS0-18S7), 
supplemented  by  records  published  in  various  journals, 
formed  the  chief  material  upon  which  his  conclusions  were 


based,  but  last  year  Mr.  Clarke  made  use  of  additional 
records  obtained  from  the  south  coast  light  stations,  while 
he  himself  spent  a  mouth  afc  the  Eddystone  Lighthouse. 
The  following  is  a  brief  abstract  of  Mr.  Clarke's  summary 
of  the  migrations  of  the  Fieldfare  as  observed  in  the 
British  Islands.  1  hope  nest  month  to  give  similar  par- 
ticulars of  those  of  the  Lapwing. 

The  FiELBFAHEs  which  visit  the  British  Islands  breed  in 
Norway  and  Sweden,  and  there  is  no  evidence  to  show  that 
any  individuals  from  the  small  colonies  in  various  parts  of 
Central  Europe  come  to  our  .shores.  Compared  to  those 
of  the  Song  Thrush  the  British  migrations  of  this  species 
are  simple,  and  are  typical  of  (1)  a  winter  visitor  to  our 
islands  from  north-western  Europe,  and  (2)  of  a  bird  of 
passage  e«  ro«/?^  from  and  to  its  northern  summer  home 
and  southern  winter-quarters.  There  are  in  addition 
local  winter  movements  due  to  climatic  conditions. 

Autumn  immigrations-. — The  Fieldfare  seldom  quits  its 
summer  home  until  October.  There  are  annual  arrivals 
of  comparatively  small  numbers  iu  the  prior  half  of 
October,  but  the  first  of  the  great  autumnal  immigrations 
is  not  to  be  expected  until  after  the  middle  of  the  month. 
They  continue  to  arrive  until  mid-November.  The  main 
immigration  is  on  the  east  coast.  In  some  seasons  the  birds 
arrive  by  a  series  of  pronounced  movements,  while  in 
others  a  single  "rush"  is  recorded.  These  great  immi- 
grations often  extend  from  the  Shetlands  to  the  Wash. 
When  only  a  single  "  rush  "  has  been  recorded,  it  has  been 
followed  or  preceded  by  (or  both)  a  steady  influx  covering 
the  ordinary  period  of  the  autumnal  incoming.  After 
their  arrival  on  the  coast  the  Fieldfares  soon  find  their 
way  to  accustomed  winter  quarters,  including  those  in  the 
western  districts.  A  migration  of  lesser  extent  passes 
down  the  west  coast  of  Scotland,  the  Outer  Hebridean 
branch  of  this  stream  reaching  the  north  of  Ireland.  These 
western  movements  are  not  performed  simultaneously 
with  those  on  the  east  coast,  and  the  birds  probably  reach 
and  pass  down  our  Atlantic  seaboard  by  an  overland  route. 
The  Fieldfares,  however,  which  regularly  travel  south  by 
way  of  the  Outer  Hebrides  seem  to  reach  that  far  western 
route  by  way  of  the  Faroes — a  remarkable  fact  because 
these  birds  are  not  found  in  Iceland. 

Autumn  Passu (je  and  Emigration. — An  autumn  passage 
to  winter  quarters  beyond  the  British  Isles  is  chiefly 
observed  on  our  east  coast,  and  immediately  follows  the 
immigrations  of  the  latter  half  of  October  and  the  first 
half  of  November.  A  number  of  the  immigrants  observed 
on  the  west  coast  also  proceed  southwards. 

Winter  Movements  and  Emigration. — On  the  advent  of 
snow  and  cold  the  Fieldfares  quit  the  higher  ^rounds  and 
seek  the  lowlands,  the  coast  and  the  south.  In  seasons  of 
exceptional  cold,  vast  numbers  of  Fieldfares,  in  company 
with  other  birds,  pass  southwards,  as  well  as  westw-ards  to 
Devon  and  Cornwall,  and  also  many  cross  the  Channel  to 
south-western  Europe.  But,  unlike  some  other  birds,  thev 
do  not  cross  St.  George's  Channel  to  Ireland  from  the 
south-east.  These  migrations  depend  entirely  upon  the 
weather.  A  small  number  of  Fieldfares  winter  in  Southern 
Scandinavia,  and  sometimes  some  of  these  are  driven  south- 
wards and  appear  in  Shetland  and  Orkney. 

Spring  Immigration  from  the  South. — Towards  the  end 
of  March,  throughout  April,  and  sometimes  down  to  the 
early  days  of  May,  the  Fieldfares  which  have  wintered  in 
or  retreated  to  countries  south  of  Great  Britain  return 
northwards. 

Spring  Passage  and  Emigral ion. — The  departure  north- 
wards of  the  Fieldfares  which  have  wintered  with  us  and 
of  those  birds  of  passage  just  mentioned  does  not  commence 
until  early  in  April,  and  generally  lasts  until  the  first  week 
in  May,  but  is  sometimes  prolonged  into  the  middle  of 
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that  month.  The  earliest  appear  to  leave  in  small  parties 
eitlier  alone  or  with  other  species,  but  those  that  follow- 
late  in  April  and  in  May  leave  the  cast  coast  in  great 
flocks  and  in  company  with  many  other  emigrants.  There 
arc  also  important  emigrations  on  the  west  coast,  and 
cliiefly  iu  Scotland,  which  receives  the  Irish  birds  en  route 
for  the  north.  This  western  passage  proceeds  throughout 
April  and  lasts  until  mid-May,  but  no  great  general  flights 
ai'c  witnessed.  There  is  also  muoh  overland  emigratioa 
from  western  districts  to  the  east  coast  performed  through- 
out Great  Britain. 

Before  proceeding  to  the  coast  for  departure,  Fieldfares 
assemble  and  form  flocks  in  the  various  districts  in  which 
they  have  wintered,  and  are  very  noisy  and  restless  for 
several  days  before  they  finally  quit  their  winter  haunts. 

This  species  is  extremely  wary,  and  is  less  frequently 
killed  or  captured  at  the  lanterns  of  the  light  stations 
thiin  any  of  its  congeners. 

Brebdino  of  the  Eed-necked  Phalaiiope  in 
Ireland. — An  event  of  very  great  iuterest  to  students  of 
British  bints  is  recorded  by  Mr.  Edward  Williams  in  the 
Irifh  Naturalist  for  February,  19U3  (pp.  41-45).  Mr. 
Williams  proves  beyond  doubt  that  the  iied-necked 
Phalarope  breeds  and  lias  bred  for  some  years  at  all 
events  in  the  west  of  Ireland.  He  thinks  it  best  to  keep 
the  exact  locality  secret,  which  is  a  very  wise  precaution, 
since  those  who  make  the  vain  boast  of  having  British- 
taken  eggs  are  usually  most  unscrupulous  as  to  how  they 
obtain  them.  Except  for  one  example  shot  in  November, 
1891,  and  a  doubtfully  authentic  one  iu  1902,  the  Ked- 
necked  Phalarope  was  unknown  even  to  visit  Ireland 
until  last  July,  when  Mr.  Williams  received  some  specmiens 
to  stuff  from  a  gentleman  in  the  west  of  Ireland,  who 
wrote  "  The  birds  breed  here,  and  have,  according  to  my 
keeper,  done  so  for  many  years."  In  August  the  same 
correspondent  sent  a  chick  as  incontrovertible  proof  of 
this  fact,  and  wrote  •'  During  my  tramp  through  the 
bog  I  counted  seventeen  (Eed-necked  Phalaropes), 
but  there  may  have  been  many  more ;  the  most  of  the 
birds  I  saw  were  females.  ...  I  am  surprised  that 
these  little  chicks  are  able  to  survive  their  many  enemies, 
especially  as  there  are  a  lot  of  Black-backed  and  other 
Gulls  on  the  bog."  The  Red-necked  Phalarope  breeds 
chiefly  in  the  arctic  regions,  of  both  the  Old  and  the  New- 
world,  but  it  still  nests  also  in  the  Shetlands,  Orkneys, 
and  Outer  Hebrides,  but  in  very  greatly  reduced  numbers. 
The  present  discovery  of  its  breeding  in  Ireland  is  a  most 
interesting  southward  extension  of  its  known  breeding 
range.  Many  ornithologists  recognise  that  there  is  still 
much  to  be  discovered  in  Ireland,  but  comparatively  few 
have  worked  there,  and  it  is  to  be  hoped  that  this  startling 
discovery  may  be  the  cause  of  a  closer  observation  of  birds 
iu  Ireland. 


jptotCccs  of  Bodies. 

"Jena  Glass  and  its  Sciextifh  axu  Industrial 
Applications.''  By  Dr.  H.  Hovestadt.  Tianslated  and  Edited 
by  Prof.  J.  D.  Everett,  F.RS.,  and  Alice  Everett.  Pp.  419. 
(ilacmillan.)  los.  net. — Ttis  translation  of  Dr.  Hovestadt's 
history  of  the  Jena  glass  industry,  and  the  properties  of  Jena 
class  is  of  importance  if  only  to  show  those  unfamihar  with  the 
German  language  what  German  patience  and  scientific  system 
has  accomplished  in  one  direction.  In  1876  Abbe  directed 
attention  to  the  demands  of  science  for  better  optical  glasses, 
and  discussed  the  requirements  which  should  be  satisfied.  Five 
years  later,  Schott,  who  was  interested  in  glass  making,  com- 
rcenced  with  him  an  investigation  of  the  directions  in  which 
improvements  could  be  made,  and,  as  the  result  of  their  labours, 
the  first  trade  catalogue  of  the  Jena  Glass  Laboratory  was  issued 
in  188G.   This,  however,  was  only  the  beginning  of  the  industry. 


Experiments  were  still  earned  on,  and,  in  addition  to  the  six 
usual  elements  of  glass,  twenty-eight  new  ones  were  introduced 
by  degrees  in  order  to  discover  their  effects.  It  was  soon  seen 
that  by  the  introduction  of  new  elements  variation  of  the 
hitherto  fixed  relation  between  refraction  and  dispersion  could 
be  obtained.  Boric  acid  was  found  to  lengthen  the  red  end  of 
the  spectrum  relatively  to  the  blue,  while  fluorine,  potassium, 
and  sodium  produced  the  oi)posite  effect.  So  the  work  went 
on,  covering  all  the  stages  of  manufacture  until  each  one  was 
understood" and  could  be  controlled.  The  first  price  list  from 
the  Jena  Glass  Works  contained  forty-four  optical  glasses,  of 
which  nineteen  were  of  essentially  new  composition.  In  1888  a 
supplement  was  issued  containing  twenty-four  additional  glasses, 
of  which  thirteen  were  new,  and  in  Ls'.li  another  supplement  con- 
tained eight  more  glasses,  six  of  them  being  new.  From  the 
scientific  side  alone  the  results  of  these  investigations  are  of 
deep  interest,  and  commercially  they  have  been  the  means  of 
developing  a  most  successful  industry.  In  the  volume  under 
notice  the  ])hj'sical  and  chemical  properties  of  the  various  types 
of  Jena  glass  are  discussed,  and  the  scientific  and  industrial 
applications  indicated.  The  translators  have  done  their  work 
admiraVjly,  so  that  the  text  reads  easily  and  not  at  all  like  a 
translation  from  the  German.  Moreover,  in  several  places  the 
argument  has  been  simplified,  and  brief  explanations  have  been 
interpolated  where  considered  necessary.  The  book  can  thus  be 
commended  to  the  notice  of  opticians  and  students  of  optics 
generally. 

•'A  History  of  Hindu  Chemistry."  By  Prof.  PraphuUa 
Chandra  Ray,  D.Sc.  Vol.  I.  Pp.  Ixxix.  -|-  ivi;  4-  41.  (Williams 
&  Xorgate.)  12s.  Ud.  net.  Illustrated. — There  is  a  large  amount 
of  very  interesting  matter  in  this  book,  which  traces  the  history 
of  Hindu  chemistry  from  the  earliest  times  to  themiiidle  of  the 
sixteenth  century  a.d.,  with  Sanskrit  texts,  variants,  translation 
and  illustrations.  A  few  references  to  alchemy  occur  in  the 
Atharva-veda,  in  which  gold  is  regarded  as  the  elixir  of  life, 
while  lead  is  considered  as  the  dispeller  of  sorcery.  In  the 
alchemy  of  the  West,  lead,  as  is  well  known,  is  associated  not 
with  beneficent,  but  with  gloomy  influences.  Prof.  Ray  recognises 
four  periods  in  the  history  of  chemistry  in  India  :  they  are  (1) 
the  Ayurvdic  Period,  from  the  pre-Buddistic  Era  to  about 
SOU  a.d.  ;  (-2)  the  Transitional  Period,  from  about  800  a.d.  to 
about  1100  A.D.  ;  (3)  the  Tantric  Period,  from  1100  a.d.  to  about 
1300  a.d.  :  (4)  the  latro-Chemical  Period,  from  1300  a.d.  to 
about  1.550  .\.D.  He  shows  that  in  ancient  India  the  useful  arts 
and  sciences,  as  distinguished  from  mere  handicrafts,  were 
cultivated  by  the  higher  classes.  The  priests  then  followed 
various  professions,  but  when  the  Brahmins  reasserted  their 
supremacy  on  the  decline  or  the  expulsion  of  Buddhism  all  this 
was  changed.  The  caste  system  was  estabUshed  in  a  rigid  form,  and 
a  priestly  class  was  set  up,  which  discouraged  the  experimental 
study  of  medicine  and  other  sciences.  The  effect  is  graphically 
described  by  Professor  Ray.  "  The  intellectual  portion  of  the 
community  being  thus  withdrawn  from  active  participation  in 
the  arts,  the  how  and  /■hj  of  phenomena — the  co-ordination  of 
cause  and  effect — were  lost  sight  of,  the  spirit  of  inquiry 
gradually  died  out  among  a  nation  naturally  prone  to  speculation 
and  metaphysical  subtleties,  and  India  for  once  bade  adieu  to 
experimental  and  inductive  sciences.''  It  will  be  evident  from 
this  brief  mention  of  a  few  points  that  Professor  Raj's  book  is 
an  important  contribution  to  scientific  literature,  and  students 
of  the  history  of  science  will  be  glad  that  such  an  instructive 
selection  from  the  records  of  Hindu  chemistry  is  now  available 
"Zittel's  Text-Book  or  Pal.eontoloi;y."  Translated  by 
C.  R.  Eastman  and  others.  Vol.  II.  (Macmillan.  1902.) 
Pp.  viii.  -1-  283.  Illustrated.  Price  10s.  net. — ^lore  than  two 
years  have  elapsed  since  the  appearance  of  the  first  volume  of 
this  translation  (dealing  with  the  Invertebrata  >,  but  in  spite  of 
the  fact  that  during  that  period  many  important  discoveries 
and  advances  have  been  made  in  palaeontology,  the  text  of  the  pre- 
sent volume  departs  less  widely  from  the  origmal  than  wasthecase 
with  its  predecessor.  And  it  cannot  be  denied  that,  in  the  main, 
this  adherence  to  the  original  lines  is  an  advantage,  for  it  must  be 
confessed  that  some  of  the  amendments  made  in  the  first  volume 
(notably  in  the  case  of  the  MoUusca)  can  hardly  be  regarded  as 
improvements.  Nevertheless,  there  are  instances  where  a 
slavish  adherence  to  the  original  plan  is  not  to  be  commended  ; 
this  being  notably  the  case  with  regard  to  the  classification  of 
the  fishes,  where  Dr.  Smith  Woodward  (who  is  responsible  for 
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this  section  of  the  translation)  has,  against  his  own  convictions, 
retained  the  division  of  the  "  Teleostomi  "  into  the  discredited 
Ganoids  and  Teleosts. 

The  i>resent  volume  includes  all  the  vertebrates  save  mammals, 
which  latter  are  to  constitute  the  third  and  final  volume.  As 
already  said,  Dr.  Smith  Woodward,  the  greatest  living  authority 
on  the  subject,  has  undertaken  the  translation  and  revision  of 
the  chapters  on  fossil  fishes.  Dr.  E.  C.  Case,  of  Wisconsin,  has 
done  the  same  for  the  amphibians,  and  has  collaborated  with 
other  authorities  in  the  reptilian  section  of  the  work.  For  the 
birds,  Mr.  F.  A.  Lucas,  of  the  U.S.  Museum,  is  responsible. 

As  a  whole,  we  have  nothing  but  commendation  for  this 
volume,  which  displays  on  every  page  full  evidence  of  the  care 
and  attention  bestowed  on  its  preparation  by  the  translators. 
Although  the  figures  are  much  less  numerous  than  in  the  large 
edition  of  Zittel,  they  are  amply  sufficient  for  the  needs  of  the 
ordinary  student  ;  and  the  descriptions  of  the  genera  and  larger 
groups  are  concise  and  not  over-loaded  with  detail.  So  far  as 
we  can  see,  the  work  (save  for  certain  details  of  classification, 
to  one  of  which  allusion  has  been  made  above)  is  thoroughly 
up  to  date,  and  therefore  a  safe  guide  to  the  student. 

Space  does  not  admit  of  any  attempt  at  detailed  criticism, 
but  it  may  be  mentioned  that  the  translators  follow  the 
original  in  classing  the  leathery  turtle  in  the  same  subordinal 
group  as  the  ordinary  turtles — a  course  in  which  we  think  they 
are  fully  justified  by  the  facts.  On  the  other  hand,  we  cannot 
agree  with  Mr.  Lucas  that  Pahipteriix  is  the  proper  name  for  the 
elephant-footed  moa  ;  neither  do  we  like  the  use  of  the  name 
Theromorpha  for  the  extinct  auomodont  reptiles.  But  these 
are  details.  As  a  whole,  the  book  seems  singularly  free  from 
misprints  and  other  typographical  errors,  but  we  notice  that  in 
the  figure  of  the  quadrate  of  MnMisaurus,  on  p.  155,  there  is  no 
indication  in  the  legend  as  to  the  part  of  the  skeleton  to  which 
the  specimen  belongs.  The  low  price  of  this  excellent  volume 
renders  it  within  the  means  of  almost  every  student. 
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FAMILIAR    BRITISH    WILD    FLOWERS   AND 

THEIR    ALLIES. 

By   R.    Lloyd   Praeger,   b.a. 

II.— THE  ROSE  FAMILY.* 
The  Rosacie,  although  their  flowers  are  so  different  in 
appearance  from  those  of  the  Legvminosx  (which  were 
briefly  dealt  with  in  my  last  article),  are  nevertheless 
closely  related  to  them,  and  may  naturally  be  considered 
after  them.  The  Rose  family  forms  a  tolerably  large  group 
of  plants,  differing  widely  in  appearance,  and  while  they 
are  conveniently  grouped  together  in  one  Natural  Order, 
they  nevertheless  embrace  several  sections  so  well  marked 
that  these  have  often  been  treated  as  separate  Orders. 
The  Rosacea}  number  over  a  thousand  species — trees, 
shrubs,  and  herbs — ^ which  are  distributed  all  over  the 
world,  but  are,  m  the  main,  plants  of  the  temperate  regions 
of  the  Northern  Hemisphere.  The  most  striking  feature 
of  the  Order  is  the  fleshy  fruits  possessed  by  many  of 
them,  which,  by  cultivation,  yield  us  the  greater  number 
of  our  native  fruits.  Equally  famous  is  the  wonderful 
range  of  beautiful  blossoms  that  have  been  produced  by 
cultivation  of  certain  species  of  the  typical  genus  of  the 
Order,  Rosa.  Various  parts  of  a  large  number  of  plants 
of  the  Order  possess  medicinal  properties.  The  bark  and 
root  of  many  are  astringent,  owing  to  the  presence  of 
tannin.  More  well-known  is  the  presence  of  prussic  acid 
in  the  sub-orders  Drupaceie  (Plums,  <fcc.)  and  Pomacecs 
(Apples  and  Pears).  This  violent  poison  has  so  powerful 
a  taste  and  odour,  that  a  minute  quantity  is  immediately 
recognizable,  as  we  may  notice  especially  in  the  Bitter 
-Almond.  It  is  pi'esent  in  the  seeds  of  most  members  of 
these  sub-orders,  and  often  also  in  the  leaves,  as  in  the 
common  Cherry  Laurel  (Pninus  Lauro-cerasus),  which 
contains  enough  prussic  acid  to  kill  in  a  short  time  insects 
which  are  enclosed  with  a  few  crushed  leaves. 

Let  us  briefly  review  the  various  sub-orders  into  which 
RosacecB  may  be  divided.  Ghrysohalanew  are  the  only 
group  which  is  not  represented  in 
the  British  Islands.  These  are 
tropical  and  sub-tropical  trees  and 
shrubs,  found  both  in  the  Old  and 
New  World.  Most  of  them  have 
stone-fruits;  to  this  section  belongs 
the  Cocoa  Plum  {Clirysohalanus 
Icaco)  of  the  West  Indies.  Prunew 
is  a  group  of  much  economic  im- 
portance, including  as  it  does  many 
well-known  stone-ftruits,  such  as 
Almond,  Peach,  Nectarine,  Plum, 
Damson,  Apricot  and  Cherry.  Here 
belong  also  the  Cherry  Laurel 
and  Portuguese  Laurel  of  our 
shrubberies.  This  is  essentially  a 
North-Temperate  group  of  trees 
and  shrubs.  Sinrieaceae  are  also 
chiefly  North-Temperate.  The  Meadow-Sweet  {Spireea 
Ulmaria),  which  will  serve  as  a  type,  has  a  fruit 
very  different  from  those  of  the  last  group,  consisting 
of   a   little    ring   of    twisted    follicles.       Spinea    is   the 

•  For  the  use  of  the  figures  illustrating  this  Article,  the  writer 
expresses  his  obligatiou  to  Messrs.  C.  GrilUn  &  Co.  They  are  taken 
from  his  "  Open-Air  Studios  iu  Botauy." 


Fig.  1.— Fruit  of  the 
Meadow-Sweet  (Spiraa 
Ulmaria).  Half  natural 
size. 
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best  known  sjtmus  of  the  sub-order,  and  iueludos  a  number 
of  shrubs  and  herbs  that  are  i,'rown  in  gardens  for  tlie 
sake  of  their  graceful  foliage  aiid  pretty  clusters  of  white 
or  red  flowers.  The  Dri/adeie  derive  their  name  from  the 
genus  Dri/as,  of  which  one  species  belongs  to  our 
<H)untrv — the  beautiful  little  alpine  plant  D.  odopetala, 
or  Mountain  Aveus.  Here  also  belongs  the  genus 
Potentilla,  famed  for  the  number  of  beautiful  herbaceous 
s]>ecies  which  it  includes.  The  best  known  genera,  however, 
are  Fraijaria  and  Ruhns,  the  former  of  which  yields  the 
luscious  Strawberry,  the  latter  the  Raspberry  and 
BlackbcuTy.  In  most  of  the  other  species  tlie  fruit  is 
quite  dry.  Poteriem  forms  a  curious  degraded  group  of 
Rosaceie,  with  flowers  strangely  different  from  those,  such 
as  Dog  Rose,  Apple  Blossom,  Hawthoi-n,  or  Bramble, 
which  we  associate  with  the  Order.  The  gay  cup-shaped 
corolla  which  gives  beauty  and  character  to  the  flower 
of  most  of  the  Bosaceie,  is  in  many  plants  of  this 
group  entirely  suppressed.  The  Poteriem  are  like  several 
of  the  preceding  groups  found  chiefly  in  the  North- 
Temperate  zone,  but  its  largest  genus,  Cliffortia,  is 
characteristically  South  African.  The  sub-order  Bosem 
includes  only  the  genus  Hosa.  The  glorious  arrav  of 
cultivated  Roses  are  the  offspring  of  a  few  wild  foreign 
species,  notably  B.  centifolia,  B.  gallica,  B.  alba,  B.  indica, 
li.  henyalensis  ;  and  the  British  B.  amensis  (Trailing  Dog 
Rose),  and  B.  ruhlginosa  (Sweet  Briar.)  The  Roses  are 
essentially  a  North-Temperate  group,  a  few  extending 
southward  into  the  tropics,  but  none  reaching  the  South- 
Temperate  regions.  Lastly  there  is  the  sub-order  Pomacese, 
so  called  from  the  characteristic  fleshy  fruit  or  -pome, 
which  is  borne  by  its  membei's,  such  as  the  Apple  and 
Pear.  Sometimes  the  fruit  is  stony,  as  in  the  Hawthorn, 
but  more  frequently  coriaceous,  as  is  found  in  the  Quince, 
Pear  and  Apple. 

Let  us  now  consider  the  British  species  of  Basacex,  and 
note  their  number,  distribution,  and  the  various  points  of 
interest  connected  with  them.  There  is  a  difficulty  in 
stating  the  total  number  of  British  species,  owing  to  the 
varying  value  that  has  by  different  botanists  been  allowed 
to  the  puzzling  series  of  Brambles,  to  which  may  be  added 
the  Roses.  Thus  while  Hooker  (Student's  Flora)  reduces 
the  British  species  to  45,  by  lumping  the  fruticose 
Brambles  imder  Bttbus  fruticosus,  L.,  and  treating  certain 
other  segrates  similarly,  the  London  Catalogue  lists  over 
150  species,  by  allovring  specific  rank  to  a  large  number 
of  Brambles  and  other  segregates.  The  British  Rosacem 
are,  speaking  very  generally,  herbs,  shrubs,  or  small 
trees  with  a  wide  distribution,  with  graceful  forms  and 
pretty  fragrant  flowers,  white  and  yellow  being  the  pre- 
vailing tints.  Of  the  sub-order  Pruneie,  we  have  the 
genus  Pruuus  alone,  represented  by  several  species.  The 
tough  black-stemmed  Blackthorn  or  Sloe  (P.  spinosa) 
with  its  thoj-ny  branches  and  bitter  fruit,  is  well  known. 
The  closely  allied  P.  insititia  (Bullace),  and  P.  domestica 
(Wild  Plum)  are  more  plum-like  small  trees,  and  doubtfully 
indigenous.  Then  we  have  three  species  of  Cherry. 
P.  Cerasus  (Dwarf  Cherry)  has  bitter  red  fruit,  and  the 
larger  P.  Avium  (the  common  Wild  Cherrj')  has  also 
bitter  fruit,  which  is  red  or  black  The  latter  is  the  origin 
of  our  many  garden  Cherries.  The  Bird  Cherry  (P.  Padus) 
bears  its  pretty  blossoms,  not  in  umbel-like  clusters  like 
the  last  two,  but  in  graceful  racemes.  The  fruit  is  small, 
black,  and  bitter.  Of  the  three  Cherries,  P.  Cerasus  alone 
has  a  restricted  range  in  our  islands,  being  distinctly 
southern. 

The  Spiraiaceie  are,  like  the  Prunex,  represented  in  these 
countries  by  only  one  genus,  Spirxa,  which  numbers  but 
two  native  species.  The  delightful  Meadow-Sweet  (S. 
Ubuaria)    needs   no   description.      Its   bold    growth,    its 


striking  foliage,  deep  green  above,  white  beneath,  with 
deeply-cut  pinna;  and  curious  little  leaflets  Ixitween,  and 
its  cloudy  masses  of  creamy  fragrant  flowers,  are  one  of 
the  dearest  features  of  our  English  meadows.  The  other 
native  sj)ocies,  the  Dropwort  (S.  Filipendiila),  is  an  equally 
pretty,  though  less  striking  plant,  with  l)eautifully  cut 
])innate  leaves  and  white  flowers.  The  roots  liear  peculiar 
conspicuous  knobs.  While  in  Great  Britain  it  is  widely 
spread,  it  has  in  Ireland  a  peculiar  limited  range,  occurring 
in  great  abundance  over  a  small  portion  of  Clare  and 
Gal  way,  and  there  only. 

Turning  to  the  Dri/adea;,  we  find  ourselves  face  to  face 
with  the  bewildering  Brambles.  We  can  easily  dis- 
criminate the  Raspberry  (Buhus  Idveus)  with  its  pinnate 
leaves  and  red  fruit.  Its  stems  are  upright  and  covered 
wdth  weak  prickles,  and  it  does  not  attempt  to  climb. 
Then  we  have  two  herbaceous  species,  also  easily 
recognized — the  Stone  Bramble  {B.  saxatilis),  with  far- 
creeping  slender  barren  stems  and  short  upright  flowering 
ones,  which  eventually  bear  red  fruit ;  and  the  small  Alpine 
Cloud-berry  (E.  Chamxworus),  with  entire  Lady's-mantle- 
like  leaves  and  orange  fruit.  And  then  remains  the 
Blackberry  group.  These  are  interesting  to  us  as  being 
good  examples  of  "hook-climbers."  Their  stems  are 
furnished  with  very  strong  hooked  prickles — remarkable 
structures,  arising,  like  hairs,  from  the  skin,  not  from  the 
wood,  as  do,  for  instance,  the  thorns  of  the  Hawthorn. 
By  aid  of  these  prickles,  the  Brambles  supjiort  themselves 
amid  tangled  thickets,  and  may  be  often  seen  bursting 
into  blossom  10  or  1.5  feet  up  in  the  air.  It  is  interesting 
to  note  that  the  long  arching  stems  in  autumn,  when  their 
growth  is   nearly  over,  frequently  again  seek  the  ground. 


Fm.  2.— Rooted  tip  of  Bramble-shoot. 

and  their  tips  root  themselves  firmly  in  the  soil.  Next 
year  the  shoot  produces  flower  and  fruit,  and  ciies.  But 
from  the  rooted  tip  proceeds  a  fresh  plant,  which  in  tura 
loops  away  and  produces  new  offspring  far  from  the  parent. 
The  plant" may  in  this  manner  travel  forward  at  the  rate 
of  20  feet  or  more  per  year,  and  may  cross  obstacles  such 
as  a  ten-foot  wall  in  a  single  season.*  These  Brambles  were 
grouped  by  Linnaeus  under  one  species  (Buhus/ruticosus). 
But  when  we  look  into  them,  great  differences  are  noticeable 
as  regards  growth,  habit,  colour,  texture,  shape,  and  size  of 
leaf  and  flower;  and  in  the  form,  number,  and  arrangement  of 
prickles.  Hence  numerous  other  names  have  been  bestowed 
on  apparently  distinct  forms,  and  the  process  has  gone  on 
until  the  latest  work  on  the  British  Brambles  lists  one 
hundred  "  species  "  under  Linnaeus'  B.  fruticosus,  with 
numerous  sub-species  and  varieties.  It  is  difficult  to  explain 
such  a  comphcated  tangle  of  closely  allied  forms.  The 
most  nearly  related  genera,  such  as  Potentilla,  display  no 

*  See  Iris/i  Naturalist,  March,  1897,  a.nd  February',  1902. 
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such  puzzling  series  among  their  species.  Apparently,  in 
Bnhus  the  innate  power  of  variation  is  being  exercised  to  a 
high  degree,  and  could  we  look  forward,  we  might  expect 
to  find  that  by  a  further  divergence  along  the  present  lines 
of  variation,  and  a  su])pression  of  the  intermediates,  a 
group  of  well-marked  species  might  ultimately  arise  from 
Rub  us  fndieosus. 

Closely  allied  to  Riibiis  is  Ffagnn'a,  the  Strawberry,  as 
valuable  to  us  as  the  Raspberry  on  account  of  its  delicious 
fruit,  fhe  difference  in  the  appearance  of  the  fruit  of 
these  two  genera  is  due  to  the  fact  that  whereas  in  the 
Raspberry  the  edible  fruit  is  formed  by  a  number  of  soft 
juicy  carpels  set  on  a  comparatively  bard  receptacle,  in  the 
Strawberry  the  carpels  are  dry,  and  the  receptacle  on 
which  they  are  set  swells  up  and  becomes  sweet,  juicy,  and 
coloured.  The  little  Wood  Strawberry  (F.  vesca)  is  our 
only  native  species.  The  luscious  fruit  of  our  gardens 
is  due  to  the  (ailtivation  of  the  Haiitbois  Strawberry 
(F.  t'hiti'ir).  a  plant  chiclly  of  eastern  Europe.  The  well- 
known  ami  prrtty  Potcntillas  cipiik'  next  in  order.  Including 
Sihijiililiii,  Tonnnifillii,  itnd  Cmihi nun,  which  are  sometimes 
reckoned  distinct  genera,  the  British  species  number  twelve, 
all  but  one  perennial  hei-bs.  Many  of  these  are  familar 
wild-flowers — the  favourite  Silverwoed  (P.  Anserina),  the 
Creeping  Cinquefoil  (P.  repfans),  the  Tormentil  (P. 
Torinenlilla),  all  with  yellow  flowers,  and  the  Strawberry- 
like P.  Fragariastnim,  which  has  white  blossoms.  The 
Marsh  Cinquefoil  (P.  palustris)  is  easily  recognised  by  its 
upright  stems,  pinnate  leaves,  and  dull  red-brown  flowers. 
Among  the  rarer  species  are  the  Shrubby  Cinquefoil  (P. 
fruticosii),  a  small  bushy  gregarious  shrub,  looking  in  the 
distance  like  low  Gorse.  It  is  a  very  local  plant,  occurrmg 
in  the  North  of  England  and  the  West  of  Ireland.  P. 
Silibaldi  is  a  little  Scotch  alpine,  with  minute  yellow 
flowers.  P.  alpestris  is  also  alpine,  with  more  conspicuous 
yellow  blossoms.  The  rai-est  British  sj)ecies  is  P.  rvpestris, 
a  comparatively  tall  plant  with  pinnate  leaves  and  white 
flowers,  found  (m  limestone  rocks  in  Montgomeryshire. 
Dri/as  has  but  one  British  species,  the  delightful  D. 
(irfdjii-tala.  a  far-creeping  prostrate  shrub  covei'ing  mountain 
rocks  with  a  sheet  of  dark-green  shining  leaves,  white 
underneath,  from  among  which. rise  singly  the  large  white 
blossoms,  which  give  way  to  clusters  of  feathery  fruits, 
each  achene  being  furnished  with  a  long  awn — the  only 
instance  among  British  Rosacex.  of  a  fruit  adapted  for 
wind-dispersal.  Of  Geum,  or  Avens,  we  have  two  species. 
G.  urbanam  is  a  common  wayside  plant,  growing  a  couple 
of  feet  in  height.  Its  fruits  are  furnished  with  long 
hooked  points  (the  persistent  styles)  which  easily  attach 
themselves  to  the  wool  of  passing  animals,  and  thus  secure 
for  the  seeds  a  wide  dispersal.  G.  rivale,  the  Water  Avens, 
is  generally  like  the  last,  but  has  larger  drooping  reddish 
flowers,  which  do  not  open  widely. 

Tvu'ning  now  to  the  I'oterie.v.  Three  British  genera 
belong  here  : — Foteriii,i)i.  Alrhrinilln,  and  Agrinionia.  The 
two  species  of  roteriinti,  P.  officinale  (Greater  Burnet) 
and  P.  Sanguisorba  (Lessor  Burnet)  are  well-known 
English  wild-flowers.  Both  have  pretty  pinnate  leaves, 
from  among  which  rise  slender  stems  bearing  dense  egg- 
shaped  heads  of  small  flowers,  which  are  dark  p\uple  in 
the  former,  greenish  or  purplish  in  the  latter.  If  the 
flowers  be  examined,  they  will  be  found  to  be  destitute  of 
corolla.  Four  coloured  j)ointed  calyx-segments  take  the 
place  of  petals.  In  P.  Sontfidsorba,  moreover,  the  tlowers 
are  made  male  or  female  by  the  suppression  of  one  or 
other  set  of  essential  organs.  Both  plants  are  wind- 
fertilised,  and  have  the  elevated  dense  inflorescence, 
inconspicuous  blossoms,  and  conspicuous  stamens  and 
j)istils,  characteristic  of  such  plants.  Alcliemilla  supplies 
us  with  several  pretty  herbs.     The  uomuioa  Lady's-mantle 


Fig.  3.  —Alpine  Lady's-mantle 
(Alchemilla  al/piiia).  Half 
natural  size. 


(A.    vulgaris),    with    fan-like   leaves     and    golden-gi-een 

flowers  is  well  known  ;   and  the  little  A.  alpina,  frequent 

on  our  higher  mountains,  is 

justly  a  favourite  in  gardens. 

it  is  the  beautiful  silkiness 

of    the    under-side    of    the 

leaves  that  forms  its  most 

pleasing  character.     A.  ar- 

vcnsii  (Parsley  Piert),  is  a 

quaint  little  annual,  common 

in  cultivated  ground,  with 

inconspicuous  green  flowers. 

In  Alcheniilla,iisinPoterium, 

the  corolla  is  absent,  but  the 

eight-parted  calyx,  of  which 

each   alternate    segment   is 

smaller  than  its  neighbour, 

gives  the  appearance   of  a 

four-parted     calyx,    and   a 

four-parted  green  corolla.  In 
Agrimonia,    alone     of     our 

Poteriese,a.  corolla  is  present. 

The  flowers  of  the  Agrimony, 

borne  in  long  spikes,  have 

yellow  petals.     The  fruit  of 

Agrimony      is     interesting, 

being  furnished  round  the 

top  with  a  ring  of  hooked 
bristles,  which  like  the 
hooked  styles  of  (rejoff,  assist 
seed-dispersal  by  becoming  entangled  in  the  hair  of  passing 
animals — or  in  one's  stockings.  Ayrimonia  Eupatoria, 
the  common  Agrimony,  is  a  well-known  roadside  wild- 
flower.  A.  odorata  is  vei-y  similar,  but  larger  and  with 
more  spreading  fruit-bristles. 

The  Bosem,  which  consist  of  the  genus  Rosa,  are  distin- 
guished by  their  fruit,  in  which  the  numerous  dry  nuts 
are  enclosed  by  the  calyx-tube,  which  becomes  fleshy  and 
coloured,  giving  the  apjiearance,  in  botanical  jJiU-lance, 
of  an  inferior  fruit.  The  Roses  are  prickly  shrubs, 
usually  climbing  hy  means  of  their  hooked  prickles.  The 
species  are  found  chiefly  in  North-Temperate  regions. 
The  genus  resembles  Ruhus  in  ]iossessing  many  fonus 
which  approach  too  close  to  each  other  to  be  satisfactorily 
treated  as  species.  The  number  of  Roses  in  our  country 
may  be  variously  estimated  at  7  to  13,  according  to  the 
amount  of  "splitting"  which  we  arc  prepared  to  indulge 
in.  All  have  large  and  showy  flowers,  and  are  among 
the  most  delightful  features  of  our  English  hedge-rows. 
To  attempt  to  discrimiuite  the  various  species  in  an 
article  of  this  kind  would  be  futile.  The  most  easily 
distinguished  are  the  little  Burnet  Rose  {R.  gpiitogissinui), 
perhaps  the  most  deliciously  fragrant  of  our  species,  and 
the  Trailing  Rose  (R.  arveiisis),  whose  large  white  blossoms 
are  almost  scentless. 

To  come  finally  to  the  Pomacejv.  Here  belong  the 
genera  Pi/riis  (Apple  and  Pear),  Oratxgitg  (Hawthorn), 
and  Cotoiieaster.  Of  Ptjriig,  the  best  known  species  is 
P.  Malus,  the  Crab-Apple,  fi-om  which  the  many  kinds 
of  cultivated  apple  are  derived.  The  variety  aevrba.  which 
is  truly  native  with  us,  is  a  more  picturesque  shrub,  both 
as  regards  flower  and  fohage,  than  var.  mitis,  which, 
though  equally  common,  is  believed  to  have  always  a  gjirdeu 
origin.  The  Wild  Pear  (P.  communis)  is,  like  the  last, 
doubtfullv  native,  though  found  often  in  wild  ground.  Of 
several  other  species  of  Pijrus,  the  most  familiar  is  the 
Mountain  Ash  (P.  Aucitparia),  which  alone  of  British 
species  jiossesses  pinnate  leaves.  The  White  Beam 
(P.  Aria),  with  egg  shaped  sernite  leaves,  white  and  felty 
on  the  uuder-side,  is  also  a  familiar  tree.     Turning  to  the 
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genus  Cratxgiis,  oar  onlj  species,  the  Hawthorn,  needs  no 
description.  In  this  genus  the  seeds  are  enclosed  in  a 
bony  case,  instead  of  in  cartilaginous  cells  as  in  Pyrus. 
The  remarkable  thorns  which  render  the  plant  so  for- 
midable are  the  attenuated  terminarious  of  the  branches. 
They  resemble  in  this  respect  the  prickles  of  the  Gorse, 
and  have  a  quite  different  origin  from  the  [)riekles  of  the 
Bramble  or  Rose.  The  function  of  the  Hawthorn  spines 
is  undoubtedly  protective.  The  last  genus  of  Fomaceas, 
Cotoneaster,  has,  like  Crahetjus,  but  a  single  British  species, 
and  this  is  confined  to  a  single  locality  —C.  vulgaris,  which 
grows,  though  now  nearly  extinct  owing  to  the  incursions 
of  thoughtless  collectors,  on  Great  Orme's  Head.  It  is  a 
small  shrub,  with  ovate  leaves,  pink  flowers,  and  red 
berry-like  fruit. 


Conducted  hij  M.  I.  Cross. 

NOTES  ON  THE    COLLECTION,  EXAMINATION   AND 
MOUNTING  OF  MOSSES  AND   LIVERWORTS. 

By  T.  H.  Russell. 
(Continued  from  page  ^h.) 
Before  dealing  in  detail  with  the  subject  of  mounting,  let 
me  add  a  few  words  with  reference  to  registering  slides  and 
specimens,  &c.  My  plan  has  been  to  have  one  general  register 
of  slides,  in  which  the  various  mounts  are  entered  consecutively 
as  completed.  Each  page  is  ruled  in  five  columns,  headed 
respectively,  "Number,"  "Date  when  gathered,"  "Name," 
"Habitat,  &c.,"  and  "Remarks.''  The  label  on  the  slide,  in 
addition  to  briefly  recording  the  name,  locality,  and  date,  bears 
the  number  corresponding  with  the  entry  in  the  Register,  and 
this  number  is  also  marked  on  the  packet  containing  some 
spare  material  for  future  use,  if  required.  I  also  have  a  copy 
of  the  "  London  Catalogue  of  British  Mosses  and  Hepatic®  ''  (a 
work,  by  the  way,  of  which  we  are  badly  in  want  of  a  new 
edition,  that  of  1881  having  been  long  since  exhausted),  which 
has  been  inter-leaved,  the  numbers  in  the  "  Catalogue"  cor- 
responding with  the  names  of  the  various  plants  being  repeated 
on  the  added  pages.  Opposite  to  each  of  these  numbers  I  write 
the  numbers  of  the  slides  in  my  collection  referring  to  the 
particular  ])lant  in  question.  Thus,  Bnjiim  alpinum  is  numbered 
337  in  the  "  Catalogue,"  and  against  this  number  I  find  entered 
"105,  71'J,"  which  gives  me  the  references  to  the  two  slides  of 
this  species  in  my  collection.  By  the  help  of  these  two  registers 
I  can  always  find  the  slides  I  possess  of  any  particular  moss, 
and  also  the  details  of  place  and  time  where  and  when  it  was 
found.  I  have  another  register,  which  is  divided  into  columus 
(two  to  a  page),  each  of  which  is  numbered  and  named  in 
correspondence  with  the  "  London  Catalogue,"  and  there  I  can 
enter  a  short  note  of  any  moss  I  may  meet  with  but  which  I 
do  not  wish  to  mount.  Lastly,  I  have  a  small  book  in  which  I 
record  the  medium  used  for  mounting  and  sealing  each  slide, 
with  the  date  of  each  of  these  operations.  I  have  found  the 
above  registers  extremely  useful,  and  if  entered  up  systematically 
they  really  give  very  little  trouble. 

II. — MonNTIXG. 
Owing  to  their  small  size  and  the  facility  with  which  their 
original  freshness  can  be  revived,  as  already  noticed,  mosses 
can  be  far  more  satisfactorily  preserved  than  is  possible  with 
ordinary  flowering  plants.  The  greater  number  may  be  readUy 
mounted  on  the  ordinary  glass  slips,  and  in  this  form  they  not 
only  occupy  a  comparatively  small  storage  space,  but  remain, 
for  all  practical  purposes,  as  fresh  as  when  they  were  gathered. 


I  have  specimens  in  my  collection  now  that  were  put  up 
twenty  years  aad  more  ago,  and  which  have  altered  little  in 
appearance  in  the  meantime. 

I  have  tried  several  materials  and  compounds  for  mounting 
purposes,  but  unhesitatingly  give  the  palm  to  glycerine  jelly, 
both  on  account  of  the  facility  with  which  it  may  he  manipu- 
lated, and  by  reason  of  its  admirable  preservative  powers.  I 
have  for  many  years  made  my  own  jell}'  according  to  the 
following  receipt,  which  is  a  slight  variation  on  that  given  in 
Carpenter's  work  on  "The  Microscope.''  Take  2  ounces  (by  weight) 
of  "invalid"  gelatine,  6  ounces  of  water  and  tj  of  glycerine. 
Soak  the  gelatine  in  the  water  until  it  swells  (this  takes  about 
40  minutes),  then  place  the  vessel  containing  tha  gelatine  and 
water  (a  jam-pot  is  very  serviceable  ;  it  should  be  provided 
with  a  cover  of  some  kind)  in  a  saucepan  of  water,  and  boil  over 
a  slow  fire  until  the  gelatine  melts.  When  the  gelatine  is  cool, 
but  still  liquid,  add  the  white  of  one  egg,  and  mix  well.  Boil 
the  gelatine,  as  before,  until  it  becomes  thick  with  the  coagulated 
albumen — this  takes  about  half  an  hour  ;  add  the  glycerine 
and  25  or  30  drops  of  carbolic  acid  and  mix  well  ;  strain  through 
filter-paper  before  the  fire,  and  a  clear  pale  yellow  jelly  should 
be  the  result. 

I  propose  to  describe  my  ordinary  process  of  mounting  with 
this  medium.  The  specimen  to  be  mounted  must  first  be 
cleansed  from  all  earth  and  grit  in  water,  and  the  sjjores  and  air 
gently  expelled  from  any  capsules  by  means  of  the  dissecting 
needles  ;  it  must  then  be  left  to  soak  for  at  least  24  hours  in  a 
mixture  composed  of  water  li  ounces,  rectified  spirit  lA  ounces, 
and  glycerine  ."i  drachms  :  the  small  china  pans  in  which  moist 
water  colours  are  sold  are  very  useful  for  this  purpo.se.  When 
the  specimen  is  taken  from  this  preparatory  liquid  in  readiness 
for  mounting  care  must  be  taken  to  remove  the  fluid  adhering 
to  it  as  far  as  possible  ;  this  may  be  done  by  placing  it  on  a 
glass  slip,  and  tilting  this  so  as  to  allow  the  superfluous  hquid 
to  drain  off,  and  then,  last  thing,  applying  blotting-paper. 

A  hot-water  bath  is  essential  for  mounting  with  glycerine 
jelly  ;  mine  consists  of  a  small  glass  tumbler,  provided  with  a 
closely-fitting  tin  cap  or  Ud.  A  piece  is  cut  out  of  this  lid  at 
the  margin,  leaving  a  space  just  wide  and  large  enough  to  admit 
the  neck  of  a  small  glass  bottle  containing  the  jelly  ;  this  bottle 
can  thus  hang  in  the  hot  water  in  the  tumbler,  when  the  lid  is  in 
place,  by  mean?  of  its  lip,  which  rests  on  the  top  of  the  tin 
cover,  and  in  this  way  the  jelly  is  kept  melted,  and  is,  moreover, 
close  at  hand  for  use.  When  my  mounting  is  likely  to  take 
long  I  wrap  a  piece  of  flannel  round  the  tumbler  in  order  to 
retain  the  heat  in  the  water  as  long  as  possible.  The  glass  slip 
on  which  the  mount  is  to  be  made,  as  also  the  cover-glass,  must 
be  first  carefully  cleaned  in  water  :  acetic  acid  is  useful  for 
removing  all  traces  of  grease,  and  nothing  serves  better  for 
drying  the  glasses  than  an  old,  soft  cambric  handkerchief.  The 
glass  slip  is  placed  upon  the  flat  tin  cover  of  the  hot-water 
bath,  and  the  specimen,  after  being  freed  from  the  preparatory 
fluid,  is  laid  on  it.  A  few  drops  of  the  liquid  jelly  are  then 
taken  from  the  bottle  by  means  of  a  small  glass  pipette,  and 
are  dropped  on  to  the  specimen.  While  the  jellj'  is  kept  liquid 
by  the  heat  of  the  water-bath  all  air-bubbles  must  be  carefully 
removed  with  the  dissecting  needle,  and  here  the  binocular 
dissecting  microscope  will  be  found  most  helpful.  Too  much 
care  cannot  be  taken  in  this  somewhat  tedious  process,  as  the 
success  of  the  slide  practically  depends  upon  the  thoroughness 
with  which  it  is  carried  out. 

Nothing  detracts  more  from  the  appearance  of  a  mount  when 
viewed  under  the  microscope  than  the  presence  of  these  dis- 
figuring silvery  globes,  lurking  among  the  delicate  leaves,  or 
perhaps  entangled  in  the  teeth  of  the  peristome,  and  my  own 
rule  always  is  that,  rather  than  allow  a  serious  blemish  of  this 
kind,  the  slide  must  be  sacrificed,  or  the  mount  be  recommenced. 
I  have  found  it  a  great  help  in  many  cases,  especially  when  an 
object  likely  to  retain  air,  or  an  undue  amount  of  the  pre- 
paratory fluid  is  in  hand — as,  for  instance,  a  large  empty 
capsule,  or  a  plant  with  the  leaves  closely  covering  the  stem — 
to  put  it  into  a  little  jelly  on  a  spare  glass  slip,  and  theu  to 
extract  the  air  as  far  as  possible  before  transferring  it  to  the 
slip  on  which  it  is  to  be  mounted.  The  whole  plant  thus 
becomes  more  or  less  saturated  with  the  melted  jelly,  and  the 
air-bubbles  cannot  find  their  way  'Oack  to  the  mount,  as  they  are 
apt  to  do  if  the  whole  process  is  carried  out  on  the  one  slide. 
A  second  hot-water  bath  is  not  uuf requently  of  much  assistance. 
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When  everything  has  been  prepared,  and  the  Bjiecimen  is  in 
place,  immersed  in  plenty  of  the  liquid  jelly,  the  cover-glass  is 
taken  up  vfith  the  forceps,  and  gently  lowered  on  to  the  jelly, 
beginning  from  the  left-hand  side,  driving  the  jelly  (and  too 
often,  alas,  the  specimen  also)  before  it  as  it  is  allowed  gradually 
to  fall  into  place.  This  is  an  operation  of  no  little  delicacy,  as  if 
great  care  is  not  taken  a  large  bubble  of  air  will  make  its  way 
in  at  the  last  moment.  If,  as  frequently  happens,  the  putting 
on  of  the  cover-glass  has  caused  a  displacement  of  the  object, 
this  must  be  rectified  before  the  jelly  is  allowed  to  set,  and  here 
the  bent  di.sseoting-needles  will  be  of  great  service,  as  a  consider- 
able amount  of  re-arrangement  can  be  eif  ected  with  one  of  them, 
and  stray  air-bubbles  may  also  be  removed  without  disturbing 
the  cover-glass.  The  slide  is  now  taken  from  the  bath  and 
allowed  to  cool,  and  in  a  few  minutes  the  jelly  will  have  so  far 
solidified  that  the  mount  can  be  examined  under  the  microscope, 
when,  should  any  serious  defect  be  disclosed,  the  jelly  must  be 
re-melted,  and  the  shortcoming  be  rectified.  The  fin:il  process 
consists  in  removing  the  superfluous  jelly  from  around  the 
cover-glass  with  a  knife,  cleaning  the  slide  from  all  trace  of  the 
jelly,  a  handkerchief  moistened  at  the  li[is  is  the  most  efiicieut 
method,  and  sealing  the  cover-glass  round  the  margin  with 
some  kind  of  varnish.  I  have  tried  a  good  many  sealing 
materials,  and,  on  the  whole,  much  prefer  copal  varnish,  as 
sold  by  artists'  colourmen,  thinned  with  a  little  benzine.  One 
special  advantage  arising  from  its  use  is  that  if  any  portion  of 
the  object  happens  to  be  fixed  near  to  the  edge  of  the 
cover-glass,  it  can  nevertheless  be  seen  through  the  practically 
colourless  varnish.  I  may  add  that  I  usually  mount  two  cells 
on  each  slide  ;  in  the  larger  of  them  I  place  a  small  portion  of 
the  moss,  together  with  a  few  capsules,  if  possible  in  various 
stages  of  growth,  and  two  or  three  perichoetial  leaves,  while  the 
other  cell  contains  some  leaves  dissected  from  the  plant  (where 
of  importance  from  both  stem  and  branch),  and  a  few  pieces 
cut  from  the  mouth  of  the  capsule  to  show  the  peristome. 
(To  be  continued.) 


Monochromatic  Light. —The  use  of  light  filters  or  screens 
has  of  late  become  increasingly  appreciated,  and  numerous 
attem])ts  have  been  made  to  secure  a  light  filter  of  definite 
value,  which  shall  pass  a  maximum  quantity  of  light.  A  fresh 
interest  has  been  added  to  the  subject  by  the  method  of  obtaining 
monochromatic  light  which  was  exhibited  by  Dr.  E.  J.  Spitta  at 
a  recent  meeting  of  the  Royal  Microscopical  Society. 

It  has  to  be  remembered  that  strictly  monochromatic  light 
— that  is,  a  selected  ray  of  the  spectrum  of  one  uniform  wave 
length — cannot  be  secured  by  light  filters  only.  All  the  manu- 
factured screens  are  only  approximately  monochromatic — that 
is,  by  the  judicious  selection  of  ingredients  they  absorb  certain 
undesirable  colours. 

Practical  monochromatism  can,  however,  be  secured  with  a 
suitable  arrangement  of  prisms,  and  this,  undoubtedly,  is  the 
most  precise  method  of  working.  It  is  not  po.ssible.  however, 
with  the  majority  of  workers  for  prisms  to  be  brought  into 
regular  use,  and  a  recapitulation  of  the  best  screens  that  are 
known  will  be  of  interest. 

In  passing,  the  advantages  of  light  .screens  or  filters  may  be 
indicated.  In  the  first  place  the  possibility  of  a  lens  to  divide 
fine  detail  is  in  a  measure  increased.  Mr.  Nelson  has  stated 
that  monochromatic  blue  light  increises  the  effective  working 
of  objectives  of  low  aperture  14  per  cent.,  but  beyond  'Dlt  N.A. 
the  value  in  this  connection  is  not  worth  consideration,  but  it 
is  of  special  value  in  producing  a  clearer  image  of  the  specimen 
under  examination. 

In  effect,  if  a  light  of  shorter  wave  length  than  that  possessed 
by  white  light  be  used  for  illuminating  purposes,  whether 
obtained  by  prisms  or  screens,  the  effective  aperture  of  a  lens 
is  increased.  A  reference  to  a  numerical  aperture  table  will 
show  this  at  once,  the  lines  per  inch  resolvable  by  blue  light 
being  considerably  in  excess  of  those  resolvable  by  white  light 
with  identically  the  same  lens. 

(To  be  conthnied.) 

D1S.SHCTINQ  Needles. — A  dissecting  needle  of  suitable  shape 
is  often  of  great  convenience.  The  following  brirf  note  may  be 
of  interest.  If  it  is  desired  to  bend  it,  it  should  ln'  boated  to  a 
dull  red  and  allowed  to  cool  gradually,  it  can  then  be  bent  into 
any  shape,  and  if  desired  an  edge  cjin  bo  ground  or  lilod.     To 


re-harden,  heat  as  before  to  blood-red  heat,  and  plunge  into 
cold  water.  In  this  condition  it  will  be  found  too  hard  and 
liable  to  easily  break.  It  should  be  rubbed  bright  on  fine  emery 
paper,  then  held  in  a  spirit  lamp  until  it  assumes  a  pale  straw 
colour,  and  again  dipped  into  cold  water.  The  correct  temper 
for  use  will  then  be  obtained. 

Practical  Sciiemi:. — A  correspondent  has  sent  from  Oporto 
for  distribution  a  quantity  of  the  protecting  case  of  the  flower 
cone  of  Pinui  pinaster.  The  scales  can  be  either  mounted  in 
balsam,  or  viewed  as  opaque  objects.  I  shall  be  pleased  to  send 
a  small  quantity  to  ap])licants  sending  a  stamped  addressed 
envelope,  accompanied  by  the  coupon  to  be  found  in  the 
advertisement  pages  of  this  issue. 

NOTES   AND   QUERIES. 

G.  Damant  (Cltinri). — On  examining  the  specimens  in  the  tube 
which  you  have  sent,  I  found  that  two  parasites  were  adherent 
to  the  abdomen  of  the  cockroach.  These  are  larvae  of  the  genus 
Rhipidoi)horid8e,  and  the  winged  specimen  is  the  perfect  insect. 
These  parasites  are  nearly  allied  to  the  British  Mftoecufi 
parailiKi-ax,  which  is  a  parasite  of  the  wasp.  You  cannot  do 
better  than  proceed  with  the  mounting  of  your  insect  parts  in 
the  manner  described  by  Mr.  Cole  in  Modern  Microscopy.  In 
order  to  overcome  your  difficulty  with  the  insect  mouth  organs, 
etc.,  you  will  proceed  as  far  as  the  clove  oil  stage,  then  take  a 
slide  and  place  the  parts  upon  it  in  the  desired  position  in  a  very 
little  clove  oil  ;  generally  there  will  be  enough  oil  about  each 
part  without  adding  any  more.  Now  place  a  cover-glass  over 
all,  being  careful  that  the  specimens  do  not  move,  then  ap])ly 
some  thin  Canada  balsam  solution  to  the  edge  of  the  cover  and 
let  it  run  under  so  that  it  goes  all  round  the  soecimens.  There 
will  probably  be  some  air-bubbles,  but  they  should  be  dis- 
regarded, they  will  disappear  as  the  balsam  dries.  Put  the  slide 
aside  for,  say,  fifteen  minutes,  then  add  more  balsam,  and  so  on 
until  the  space  between  the  cover  and  slip  remains  entirely  filled 
up  with  balsam.  It  should  then  be  allowed  to  dry  for  a  few 
days,  wash  oft"  any  excess  of  balsam  with  benzole,  apply  a  coat 
of  black  varnish,  let  this  dry,  clean  the  slide  with  turpentine, 
and  add  another  coat  of  varnish. 

G.  V-G. — All  the  objectives  you  name  are  high-class,  but  I 
am  inclined  to  recommend  for  your  special  purpose  the  one 
made  by  Leitz.  The  lenses  of  smaller  aperture  for  work  on 
Diatoms  would  certainly  not  be  so  advantageous. 

W.  D.  D. — The  parasite  of  the  Hydra  fusca  is  T'richodina 
pediculus. 

T.  P.  Thomson. — I  am  much  obliged  for  your  proposal,  but 
am  afraid  that  Diatoms  of  your  locality  would  not  be  of 
general  interest  unless  indeed  you  had  discovered  some  new  or 
very  rare  species. 

G.  F.  Broivn. — If  you  will  kindly  send  me  another  sample  of 
the  Polyzoa,  I  will  endeavour  to  identify  it  for  you. 

ir.  F.  Albroiv. — I  have  communicated  with  the  consultant 
who  interests  himself  in  the  particular  department  to  which 
your  query  refers,  and  he  suggests  that  the  peculiar  substance 
which  you  have  found  in  your  flagon  of  distilled  water  may  be 
due,  as  you  suggest,  to  a  dirty  vessel,  in  which  case  the  growth 
would  perhaps  be  a  fungoid  or  gelatinous  bacterial  one,  de- 
tached from  the  bottom  of  the  vessel  by  the  act  of  emptying  it. 
He  further  suggests  that  it  might  perchance  be  due  to  the 
solvent  action  of  the  water  detaching  portions  of  the  surface  of 
the  glass.  This  is  common  with  alkaline  solutions,  especially 
ammonia,  though  the  large  size  and  circular  shape  of  the 
described  growth  are  difficult  to  reconcile  with  this  idea.  If  any 
of  the  substance  is  still  obtainable,  the  consultant  would  be 
]iarticularly  interested  in  examining  it. 

Communications  and  enquiries  on  Microscopical  matters  are 
cordially  invited,  and  should  be  addressed  to  M.  I.  CROSS, 
Knowledge  Office,  326,  High  Holbom,  W.C. 


NOTES  ON   COMETS  AND    METEORS. 

By  W.  F.  Dennino,  f.b.a.s. 

Q-iACOBiNi's  Comet  (1902  n).— Thia  object  continues  well  risible 
in  |iretty  good  telescopes,  though  it  is  decidedly  small  and  incoo- 
spicuous.      In  March  and  April  the  comet   will   travel  slowly  to  the 
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north-east  amonfist  the  stars  in  the  northern  region  of  flemini.  An 
ephemeris  was  given  in  Knowi.bdce  for  Fobruarv,  1903,  and  the 
following  diagram  will  indicate  the  apparent  path  of  tlie  object  until 
May.  The  motion  of  the  comet  will  carry  it  near  several  fairly 
bright  stars  which  will  greatly  facilitate  its  identification  :  — 

March    7    ...     Comet    K°  South  of  £  Geminorum   (Mag.  3'2). 

-April      8    ...>    Comet    f"  North  of  t  Geminorum  (Mag.  4'6). 

,,        26    ...     Comet  1J°  North  of  a  Geminorum  (Mag.  2'0). 


"■"        i-right      I06  Aicension  loo  ,95 

Path  of  Giacobini's  Comet  (1902  d).     190:5,  Fehruary  11— M:i.v  2. 

The  remarkable  feature  in  connection  with  this  comet  is  its  great 
perihelion  distance,  which  amounts  to  2-75,  or  256  millions  of  miles, 
and  exceeds  that  of  any  other  comet  observed  since  1729.  The  bright 
comet  of  that  year  had  a  perihelion  distance  of  4.'0i35,  which  is  equiva- 
lent to  380  millions  of  miles  !  Barnard's  comet  of  1885  (IV.)  was 
also  somewhat  exceptional  in  regard  to  the  wide  interval  (2295,  or 
213  millions  of  miles)  separating  it  from  the  sun,  but  our  present 
visitor  is  much  more  remarkable  in  this  respect. 

GiACOBixi's  Comet  (19C3  a). — A  comet  was  found  at  Nice  on 
January  15,  near  3  Piscium,  and  the  position  fell  so  near  the 
ephemeris  place  computed  for  Tempel-Swift's  comet  that  at  first  some 
uncertainty  was  felt  whether  it  was  a  new  object  or  a  return  of  the 
periodical  comet  referred  to.  But  the  motion  was  soon  found  incom- 
patible with  that  of  the  latter ;  the  object  proved  a  new  comet 
approaching  its  perihelion  and  rapidly  becoming  brighter.  Its  motion 
was  carrying  it  to  the  N.E  ,  and  at  the  opening  of  March  the  comet 
may  be  found  close  to  7  Pegasi  (Algenih),  and  will  be  nearly  twelve 
times  as  bright  as  on  the  date  of  its  discovery,  when  it  was  estimat«d 
of  the  10th  magnitude. 

The  Quadkantids. — The  January  Quadrantids,  or  Boiitids,  as 
they  might  more  fittingly  be  designated,  seeing  that  the  small  asterism 
formed  by  Bode  (1801)  between  Bootes,  Draco  and  Hercules,  and 
called  Quiidraus  Munilis,  does  not  seem  likely  to  be  acknowledged 
either  by  present  or  future  astronomers.  There  is  always,  however, 
a  serious  objection  to  changing  a  name  which  has  become  familiar  bv 
long  usage,  for  doubts  and  complications  naturally  ensue,  and  it  is 
(luest'onable  whether  it  is  not  desirable  to  retain  an  old  title,  inappro- 
jiriate  though  it  may  appear,  preferably  to  an  alteration  which  must 
induce  confusion. 

The  January  meteor  shower  was  fairly  well  observed  this  year, 
thoui»h  the  weather  was  very  unsettled.  On  .January  2  the  display 
was  extremely  feeble  ;  the  maximum  occurred  on  January  3,  but  it  by 
no  means  formed  a  bright  and  abundant  return.  The  mean  position 
of  the  radiunt  derived  from  a  number  of  independent  determinations 
was  at  228''-^52''.    In  the  General  Catalogue  of  Jladiants  (189S)  the 


average  centre  from  32  positions  is  at  230°  6-l-51°-l.  Three  pretty 
bright  Quadrantids  were  doubly  observed,  and  their  real  paths  worked 
out  as  follows  ; — 

Heiifht  Heiuht  Length  Velocity 
(i.M.T.    at  be-    iit  end-       of  per      Raftiuut.  Position 

19o;t.       li.  in.    giniiiiif?.    in^.      Path.      sec.         .,        a  over. 

Jan.  3.     7  25        60        47         52        16       228 -h  52 
12     5         65         49  41         2G 

12  o'.n.       67         54  30        20 


Wilts.— Hants. 
228  -h  53  Herts.— Bucks. 
227  +  50    Berks.— Hants. 


A  considerable  number  of  pretty  bright  meteors  (chieHy  Quadrantids) 
were  recorded,  but  the  ab»\  e  appear  to  be  the  only  acciirdances,  for 
the  observers  were  rarely  watching  the  sky  simultaneously. 

Fireballs.— Si-veral  fireballs  and  bright  long-pathcd  meteors  were 
observed  in  January.  Three  of  these  made  their  apparitions  during 
the  severe  frost  and  clear  moonlit  nights  which  jjrcvailcd  during  the 
second  week  of  the  month.  Appearing  as  they  did  near  the  jieriod  of 
the  full  moon  these  objects  managed  to  elude  regular  meteoric 
observers,  but  a  considerable  number  of  descriptions  have  been 
received  from  other  sources.  Fine  meteors  were  also  seen  on  January 
25  and  28,  and  the  following  is  a  summary  ; — 

January  10,  9h.  30m. — Brilliant  fireball,  about  one-third  as  bright 
as  the  moon,  dii-ected  very  slowly  from  a  radiant  in  Alonoceros. 
Height  63  to  31  miles,  and  velocity  18  miles  per  second.  An  obsii-ver 
in  N.  Kent  describes  it  as  "  a  large  comet  with  a  tail  of  golden  sparks 
only  a  few  yards  away,  and  coming  within  hfAf  a  yard  of  the  ground, 
then  slowly  ascending,  wriggling  like  a  serpent,  until  it  raixcil  with 
the  stars."     11  observations. 

January  13,  61i.  15m. — Bright,  long  pathed,  rocket-like  meteor 
ascended  from  N.  horizon  and  passed  to  S.  over  western  counties  of 
England.  Height  about  55  miles,  and  luminous  llight  of  about  200 
miles  traversed  at  about  Similes  per  second.  Radiant  near  '/  Boiitis. 
3  observations. 

January  14,  7h.  7m. — Fireball  about  2  x  ?,  with  slow  horizontal 
flight  over  Rutland,  Leicester  and  Stafford  at  an  elevation  of  about 
57  to  54  miles.  Velocity  21  miles  per  second.  One  observer  at 
Highgate,  N.,  guesses  the  time  of  apjjarition  as  5  or  6  minutes 
after  7,  and  says  "  the  air  was  too  cold  for  me  to  take  my  watch  out." 
Radiant  in  Monoceros  near  E.  horizon  at  120'  — 3°.     8  observations. 

January  25,  7h.  59m. — Fine  meteor  of  Jovian  lustre  travelled  from 
S.E.  to  N.W.  from  over  Surrey  to  Warwick,  descending  from  a 
heightof  95  tol6miles.     Radiant  near  C  Geminorum.    4  observations. 

January  28,  llh.  44m. — Fireball  equal  to  Venus,  with  a  long  flight 
and  slow  apparent  speed.  Fell  from  a  height  of  62  miles  above  a 
point  W.  of  York  to  41  miles  above  a  point  closely  E.  of  Bristol. 
Path  181  miles,  and  velocity  about  20  miles  per  second.  Radiant  at 
280^  +  43°  near  a  Lyra,  close  to  the  N.  by  E.  horizon.  This  meteor 
was  well  observed  by  Prof.  A.  S.  Herschel,  Slough,  Mr.  T.  \V. 
Backhouse,  Sunderland,  Mr.  J.  H:  Bridger,  Farnborough,  Dr.  H. 
Wliichello,  Chester,  and  others.     12  observations. 


THE  FACE  OF  THE  SKY  FOR  MARCH. 

By  W.  Shackleton,  f.b.a.s. 

The  Sun. — On  the  1st  the  sun  rises  at  6. .50  and 
sets  at  5.3t)  ;  on  the  31st  he  rises  at  5.43  and  sets 
at  6.28,  thus  during  the  month  the  day  lengthens  by 
2  hours. 

Spring  commences  at  7  p.m.  on  the  21st,  when  the  suu 
enters  the  sigu  of  Aries. 

Sun-spots  are  of  more  frequent  occurrence,  and  the 
sun's  disc  may  be  examined  for  small  spots  with  some 
hope  of  reward. 

The  Zodiacal  Light  is  now  in  the  most  favourable  position 
for  observation  in  the  west  for  two  or  three  hours  after 
sunset. 

There  is  an  annular  eclipse  of  the  sun  on  the  2Stth, 
invisible  in  this  country  but  visible  over  Eastern  Asia. 

The  Moon  : — 


Phases. 

h.    m. 

Mar.    6 

])    First  Quarter 

7  14  P.M. 

„     13 

O  Full  Moon 

0  13  P.M. 

„     21 

([    Last  Quarter 

2       8    A.M. 

„    29 

0  New  Moon 

1    26    A.M. 

The  moon  is  in  perigee  on  the  10th,  and  in  apogee  on 
the  22nd. 
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OccuLTATiONs. — The  followinc;  are  among  the  principal 
occultations  visible  at  Greenwich  : — 
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284 

276 

19  18 

The  Planets.— Mercurj  is  visible  for  the  first  few- 
days  of  the  month  as  a  morning  star  in  Capricornus.  He 
is  not  favoural^ly  placed,  and  rises  at  the  beginning  of  the 
month  only  about  one  hour  in  advance  of  the  sun. 

Venus  now  sliines  brilliantly  in  the  western  sky,  and 
since  the  planet  can  be  seen  before  it  is  dark  she  is  avail- 
able for  observation  for  a  considerable  time.  On  the  1st 
she  sets  about  7.40  p.m.,  or  2  hours  after  the  sun,  and  on 
the  31st  at  9.1.5  p.m.,  or  2|  hours  after  sunset.  The 
apparent  diameter  of  the  disc  is  increasing ;  at  the  middle 
of  the  month  it  is  11"'4,  whilst  0'9  of  the  disc  is  illuminated. 

Mars  is  now  at  its  best  for  easy  observation,  as  the 
planet  is  in  opposition  to  the  sun  on  the  29tli.  The  present 
opposition  is  more  favourable  than  that  of  1901,  in  that 
we  apprtvach  nearer  to  the  planet  by  some  3|  millions  of 
miles,  tlir  ajipareat  diameter  of  the  planet  being  14"'.57 
as  compared  with  14"'17  at  the  last  opposition.  As  will 
be  seen  from  the  appended  diagram,  the  present  opposition 
is  not  one  of  the  most  favourable,  since  the  distance  of  the 
planet  from  the  earth  is  59  millions  of  miles,  whilst  under 
the  best  conditions  the  distance  is  only  35  million  miles. 


Opp.jsitioti  i)f   .\Iar.^,    1 1)03. 

The  latitude  of  the  planet's  centre  is  +  22°,  thus  the  north 
polar  cap  is  presented  to  us,  and  it  is  winter  in  the 
Martian  southern  hemisphere.  On  the  1st  the  planet 
rises  at  8.30  p.m.,  and  on  the  31st,  at  S.t.')  p.m.  The  planet 
is  describing  a  retrograd(-  or  westerly  jiath  in  Virgo,  and 
on  the  22nd  of  the  month  will  again  p.iss  cfose  to 
y  Virginis. 

■Tuiiiter  and  Satui-n 
sun. 


uiiob.servable,  being  too  near  the 
Uranus   is  a   morning  star  in  Ophiuchus,   rising  about 


3  A.M.  near  the  beginning  of  the  month.     The  planet  is  in 
quadrature  with  the  sun  on  the  17th. 

Neptune   is   on   the   meridian   about   sunset    near  the 
middle  of  the  montli :  he  is  in  quadrature  with  the  sun  on 
the  22nd      The  planet  is  praticiUy  stationary  throughout- 
the  month,  and  is  situated  5  minutes  west  of  i;  Gemiuorum 
and  10'  south. 

The  Stars. — About  the  middle  of  the  month  at  9  p.m. 
the  positions  of  the  principal  constellations  are  as  follow  : — 

Zenith 


South 


West 


East 


No  bright  constellations  in  the  zenith. 

Cancer  and  Hydra  on  the  meridian  ;  Gemini 
high  up,  Procyon  and  Sirius,  all  a  little  to 
the  west.  Orion  is  to  the  south-west,  and 
Leo  (Eeyuliis)  to  the  south-east  high  up. 

Taurus,  Aries  nearly  setting,  Auriga  {Capella) 
high  up.  To  the  north-west  Perseus,  also 
Andromeda  low  down. 


Virgo  (Sfica  rising),  Bootes  {Arcturug).     To 

the  north-east  Ursa  Major  high  up.  Corona, 

Hercules  and  Vega  low  down. 

North      .     Folarin ;    to  the  right,  Ursa  Minor,    Draco  ; 

below,    Cygnus,     Cephem ;     to    the    left, 

Cassiopeia. 

Minima  of  Algol  occur  on  March    12th   at    2.51  a.m., 

on  March  14th  at  11.4<t  p.m.,  and  March  17th  at  8.29  p.m. 


Ctjcss  Column. 

By    0.    D.    LococK,    b.a. 


Communications  for  this  column  should  be  addressed 
to  C.  D.  LococK,  Netherfield,  Caml:>erley,  and  be  posted 
by  the  10th  of  each  month. 

Solutions  of  February  Problems. 

No.  1. 

(C.  C.  VV.  Sumner.) 

Pour  Solutions  (R  to  QB3,  ExB,  Kt  to  B3(h,  Kt  to 

B6ch).     I  must  apologise  for  inadvertently  printing  this 

"  revised  "  yersion  of  a  position  which  appeared  last  year, 

particularly  as  the   results  of   the  revision  have  been  so 

unsatisfactory. 

No.  2. 

(A.  LiUie.) 

Key- move. — 1.  B  to  Ktsc). 

If  1.  .  .  .  KxKt,  2.  K  toB2,  etc. 

1 .  .  .  .  Iv  X  P,  2.  Kt  to  BC  or  2ch,  etc. 

[Two  or  three  solvers  have  found  themselves  in  the  same 
predicament  with  regard  to  this  problem  as  the  composer.  ] 

Solutions  received  from  "Alplia,"  2,  4;  W.  Nash,  3  4- 
G.  A.  Forde  (Capt.),  2.  4;  "  VV.  Jay,"  3,  4;  "  Eudirbv,'' 
3,  4;  "Looker-on,"  3,  4;  A.  H.  H.  (Crovdon),  3. 'O: 
W.  H.  S.  M..  3,  4;  G.  W.  Middleton,  3,  0;  J.  W.  Dawson, 
3,0;  "Quidam,"  3.  4  ;  J.  W.  Dixon.  3,4;  C.Johnston, 
3,  4 ;  H.  S.  Brandreth,  2,  4 ;  H.  F.  Culmer,  2,  4. 

J.  W.  Dixon. — Yes,  postcards  are  more  convenient. 

IF.  Nash. — You  are  quite  right  in  assuming  that  three 
points  is  the  maximum  for  a  two-mover,  and  six  points  for 
a  three-mover.  I  (juite  agree  with  your  estimate  of  Fort 
Nachanaiid,  if  oiilv  it  had  been  sound. 
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"  Endirhy." — Only  two  keys  to  a  problem  can  score 
points.     Duals  no  longer  count  this  year. 

L.  C.  T.  (India). — The  solutions  for  which  you  ask  are 
as  follow:  W.  H.  Gundry  (Julv,  1900),  Kt  to"Q4;  A.  F. 
Mackenzie  (August,  1900"),  B  to  R5  (or  B  to  QB7) ;  this  is 
a  two-move  problem,  erroneously  printed  as  a  three-mover. 
B.  Gr.  Laws  (June,  1900),  incorrectly  diagrammed,  and 
reprinted  in  the  following  number.  The  "White  Knight  at 
QRsq  should  be  a  King.     Solution  Kt  to  B6. 

J.  C.  Candy. — Thanks  for  the  problems.  You  will  see 
that  I  have  at  last  found  room  for  your  former  batch. 

W.    Jay    and    G.    Woodcock. — Any   criticisms    of 
problems  at  present  would,  I  think,  be  premature. 


the 


PROBLEMS. 

By  J.  C.  Gaudy. 
No,  1. 

Buck  {'). 


■  i  ^       ■       ■ 


m     mm.     

■    ■    ■  A  ■ 


White  (8). 

White  mates  in  two  moves. 


White  (7) 

White  mates  in  three  moves. 

[As  our  stock  of  problems  is  now  nearly  exhausted,  we 
hope  that  those  readers  of  this  page  who  are  composers 
will  send  some  of  their  compositions  in  either  two  or 
three  moves.] 

PROBLEM  TOURNEY. 

Through  the  courtesy  of  the  six  solvers  who  are  acting  as 
preliminary  judges  in  the  tournament,  I  am  able  to  publish 
their  award  this  month,  and  shall  hope  to  give  my  final 


award  in  the  April  number, 
have  received  votes: — 


The   following  problems 


Problem. 

J.  D. 

!w.j. 

C.J. 

L-0. 

W.N. 

G.  W. 

Total. 

No.  1 

6 

_ 

fi 

No.  4 

8 

— . 

— 

8 

7i 

6 

29i 

No.  6 

— 

9 

6 

9 

— 

24 

No.  10 

6 

— 

— 

10 

6 

— 

22 

No.  12 

— 

i   5i 

8 

7 

7 

27i 

No.  13 

6 

7 

7 

— 

— 

5 

25 

No.  17 

— 

1   5* 

— 

— 

5 

— 

lOi 

No.  18 

10 

10 

9 

6 

9* 

9 

53.^ 

No.  20 

— 

— 

— 

7i 

— 

7i 

No.  2-1 

— 

8 

10 

5 

10 

33 

No.  26 

9 

— 

5 

— 

9J 

8 

31i 

The  main  gap  in  this  list  evidently  comes  between  Nos. 
10  and  17,  whereas  Nos.  6  and  10  come  very  close  to 
No.  13.  I  have  therefore  decided  to  select  the  first  eight 
in  the  score,  viz. : — No.  4,  "Three  Steps  and  a  Shuttle-off "' ; 
No.  6,  "  Trifolium  Duplex  "  ;  No.  10,  "  Possibilities  "  ; 
No.  12,  "  Ariadne "  ;  No.  13,  "  Leonard  " ;  No.  18, 
"  Bargany  "  ;  No.  24,  "  Weighty  "  ;  and  No.  26.  "  Ben 
Trovato."  The  overwhelming  preponderance  of  votes 
given  to  No.  18  is  the  most  remarkable  feature  of  the  list. 
Until  I  come  to  scale  the  problems  I  cannot,  of  course,  say 
whether  it  will  maintain  its  lead. 


CHESS   INTELLIGENCE. 

The  third  International  Tournament  at  Monte  Carlo  is 
now  in  progress.  The  list  of  competitors  is  greatly 
weakened  by  the  absence  of  Messrs.  Janowski,  Lasker,  and 
Tchigorin.  It  is  a  two-round  competition,  the  players  being 
Albin,  Marco,  Maroczy,  Marshall,  Mason,  Moreau,  Mieses, 
Pillsbury,  Reggio,  Schlechter,  Tarrasch,Taubenhaus,  Teich- 
raann,  and  Wolf.  As  might  be  expected,  Mr.  Pillsbury 
has  already  obtained  the  lead,  while  Maroczy  and  Teich- 
mann  have  also  made  a  good  start. 

We  much  regret  to  record  the  death  of  Mr.  James 
Innes  Minchin,  for  many  years  Honorary  Secretary  of  the 
St.  George's  Chess  Club.  Mr.  Minchin  was,  after  Professor 
Wayte,  probably  the  strongest  of  the  regular  players  in 
the  club,  and  took  a  leading  part  in  promoting  the 
International  Tournament  of  1883. 


All  manuscripts  should  be  addressed  to  the  Editors  of  Ksowledoe,  326,  High 
Holbom,  London;  they  should  be  easily  le^ble  or  typewritten.  All  diagrams 
or  drawings  intended  for  reproduction,  should  be  made  in  a  good  black 
medium  on  white  card.  While  happy  to  consider  unsolicited  contributions, 
which  should  be  accompanied  by  a  stamped  and  addressed  envelope,  the 
Editors  cannot  be  responsible  for  the  loss  of  any  MS.  submitted,  or  for  delay 
in  its  return,  although  every  care  will  be  taken  of  those  sent. 

Communications  for  the  Editors  and  Books  for  Review  should  he  addressed 
Editors.  Enowledoe,  326,  High  Holbom,  London. 
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THE 


PALAEONTOLOGICAL 
EVOLUTION. 

By  R.  Lydekker. 


CASE    FOR 


At  the  date  of  publication  of  the  first  eilition  of  "  The 
Origin  of  Species,"  in  1859,  the  poverty  of  our  palieouto- 
lof^ical  collections— especially  as  regards  the  remains  of 
vertebrates — the  so-called  "  imperfection  of  the  geological 
record,"  and  the  comparatively  small  area  of  the  earth's 
surface  which  had  been  geologically  examined,  were 
regarded  as  reasons  sufficient  to  explain  the  absence  of 
evidence  of  any  one  definite  line  of  descent  of  a  modern 
from  an  ancient  type  of  animal.  In  addition  to  this,  it 
was  pointed  out  that  a  very  large  percentage  of  the  fossil 
vertebrates  then  known  to  science  were  represented  by 
sucli  fragmentary  remains  that  it  was  almost,  if  not 
absolutely,  inii.ossilile  to  arrive  at  any  satisfactory  estimate 
of  their  real  iillinities  and  relationships;  and  it  seems  to 
have  been  taken  for  granted  that  tliere  was  coin})aratively 
little  hope  of  matters  l)eiug  materially  mended  in  tliese 
respects  in  the  near  future.     Moreover!^  the  suggestion  was 


hazarded*  that  one  living  mammal  might  be  the  descendant 
of  a  second,  and  that  possibly  the  horse  might  trace  Lack 
its  ancestry  to  the  tapir.  Not  a  shadow  of  suspicion 
seems  indeed  to  have  existed  at  that  time  in  regard  to  the 
ancestry  of  the  horse  (or,  as  we  should  properly  say,  the 
horse  tribe),  although,  curiously  enough,  the  chief  stages 
in  tliat  line  of  evolution  were  already  known  to  science. 

Matters  remained  in  much  the  same  state  till  at  least  as 
late  as  the  issue  of  the  fifth  edition  of  "  The  Origin  of 
Species  "  in  1869.  Twenty  years  later,  however,  when 
another  important  work  on  the  same  subject — Dr.  A.  R. 
Wallace's  "  Darwinism  " — made  its  appearance,  evolu- 
tionists were  able  to  bring  forward  a  much  more  formidable 
array  of  evidence  in  favour  of  their  doctrine,  especially  in 
regard  to  vertebrates.  During  the  two  decades  which  had 
elapsed  since  the  publication  of  the  fifth  edition  of 
Darwin's  great  work,  the  marvellous  discoveries  in  verte- 
brate palaeontology  made  by  Marsh  and  others  in  the 
north-western  territories  of  the  United  States  had  come  as 
a  revelation  to  the  zoological  world  ;  while  the  enormous 
number  of  mammalian  remains  brought  to  light  during 
the  working  for  commercial  purposes  of  the  valuable 
deposits  of  phosphorites  in  Central  France  had  served  to 
revolutionize  our  conceptions  of  the  extent  and  relation- 
ships of  the  ancient  Tertiary  mammalian  fauna  of  Europe. 
Marsh,  ably  seconded  in  this  country  by  Huxley,  had  also 
been  enabled  to  work  out  in  detail  the  ancestry  of  the 
modern  horse  and  its  relatives  (though  tlie  identity  of  the 
earliest  member  of  the  series  with  the  little  hyracothere 
discovered  more  than  forty  years  previously  in  the  London 
Clay  was  still  unsuspected)  ;  and  the  descent  of  the  modern 
rhinoceroses  from  primitive  types  of  odd-toed  mammals 
had  likewise  been  demonstrated.  Huxley,  too,  had  made 
known  the  existence  of  many  remarkable  resemblances 
between  the  skeletons  of  birds  and  those  of  the  extinct 
dinosaurian  reptiles  ;  while  his  account  of  the  relationships 
of  the  ancient  to  the  modern  crocodiles  afforded  an  im- 
portant piece  of  evidence  in  favour  of  the  evolution  of 
animal  forms. 

It  was  still,  however,  a  matter  of  reproach  to  those  who 
supported  the  doctrine  of  evolution  that  so  few  phylogenies, 
or  lines  of  descent,  could  be  cited  as  firmly  established  on 
palasontological  evidence.  Huxley  had  indeed  insisted 
(perhaps  with  rather  too  much  emphasis)  on  the  intimate 
relationship  formei-ly  existing  between  birds  and  reptiles 
on  the  one  hand,  and  between  salamanders  and  fishes  on 
the  other,  but  practically  nothing  liad  been  learnt  with 
regard  to  the  affinities  between  mammals  and  other  groups 
of  the  vertebrate  stock.  Again,  the  modern  type  of  bony 
fishes  were  believed  to  have  made  their  appearance 
suddenly  in  the  Cretaceous  epoch,  and  to  have  no  connec- 
tion with  the  earlier  mail-clad  fishes  commonly  called 
ganoids ;  although,  it  is  true,  the  suggestion  occurs  in  Dr. 
Wallace's  book  that  certain  reputed  members  of  tlie 
latter  group  might  prove  to  be  much  more  closely  related 
to  the  bony  fishes  than  was  commonly  considered  to  be 
the  case. 

Since  1889  our  knowledge  of  the  mutual  relationships 
of  different  groups  of  vertebrates,  and  of  the  phylogeny  of 
particular  families,  as  deduced  from  their  fossil  remains, 
has  increased  by  leaps  and  bounds  And,  so  far  as  the 
specimens  in  our  museums  are  concerned,  we  are  now 
siirt'enng  from  an  enibarras  des  richesses  rather  than  from 
lack  of  material. 

So  far  as  we  are  aware,  no  attempt  has  been  made  of 
late  years  to  lay  before  the  general  public  in  a  popular 
manner  some  of  the  most  striking  features  of  the  case  for 
evolution    as    presented    by    palieontological    evidence. 


See  Fifth  edition,  page  347. 
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Although  this  is  by  no  means  an  easy  task,  so  far  as 
vertei>rates  are  concerned,  it  is  the  object  of  the  present 
article.  As  regards  the  phylogeny  of  particular  family 
groups  of  animals,  attention  is  chiefly  concentrated  on 
mammals— the  highest  of  all  animals — but  the  subject 
would  manifestly  be  incomplete  without  some  reference  to 
the  evidence  as  to  the  mutual  relationship  of  the  primary 
groups  into  Avhich  the  vertebrata  are  divided  liy  naturalists. 
It  is  this  portion  of  the  subject  which  (daiins  our  first 
attention. 

With  regard  to  the  evidence  in  favour  of  a  genetic 
connection  between  vertebrates  and  lower  forms  of  animal 
life  commonly  termed  invertebrates,  opinions  at  the 
jiresent  day  are  so  divided  and  so  little  is  known  with 
certainty,  that  any  lengthened  discussion  on  this  aspect  of 
the  subject  would  he  unprofitable.  It  may  be  mentioned, 
however,  that  in  the  far  distant  epoch  when  the  Old  Red 
Sandstone  of  Scotland  was  being  deposited  there  flourished 
in  the  lakes  and  rivers  of  the  northern  hemisphere  a  group 
of  mail-clad,  somewhat  fish-like  creatures  of  which  the  two 
leading  types  are  collectively  known  as  cephalaspids  and 
pteraspids.  A  striking  feature  of  these  lowly  creatures, 
and  the  one  from  which  the  former  group  takes  its  name, 
is  the  presence  of  a  large  shield  covering  the  head-region, 
and  in  some  cases  taking  somewhat  the  form  of  a  cheese- 
cutter.  Now  this  shield  has  a  curious  resemblance  to  the 
carapace,  or  shell,  of  a  remarkable  little  freshwater  crus- 
tacean known  as  Apug,  which  may  be  met  with  in  ponds 
in  this  country.  This  resemblance  is  regarded  by  some 
palaeontologists — Professor  Patten  among  the  number — 
as  not  due  to  accident  (if  we  may  use  the  expression),  but 
as  indicative  of  a  true  genetic  relationship  between  the 
two  groups.  And  the  writer  whose  name  is  cited  in  the 
last  sentence  would  even  go  so  far  as  to  say  that  we  are 
justified  in  regarding  vertebrates  and  arthropods  (crus- 
taceans, insects,  etc.)  as  diverging  branches  of  a  common 
ancestral  stock  closely  related  to  the  cephalaspids. 
Whether  this  striking  theory  will  be  confinned,  or  other- 
wise, time  alone  will  show,  but  it  serves  to  indicate  that  there 
is  at  least  some  kind  of  palaeontological  evidence  in  favour 
of  the  origin  of  vertebrates  from  lower  types  of  animal 
life.  Nor  are  others  wanting,  although  space  and  other 
considerations  do  not  admit  of  their  discussion  on  this 
occasion. 

We  pass  on,  then,  to  consider  the  evidence  in  favour  of 
the  descent  of  mammals  from  lower  types  of  the  vertebrate 
stock. 

Till  comparatively  recently  it  was  supposed  that 
salamanders— not  the  living  forms,  but  their  presumed 
ancestors,  the  labyrinthodonts  of  the  Carboniferous  and 
Permian  epochs— were  the  nearest  relatives  of  mammals, 
and,  on  the  evolution  hypothesis,  the  representatives  of 
the  parent  stock  from  which  the  latter  group  originated. 
This  idea  was  in  great  part  due  to  the  circumstance  that 
while  in  reptiles  (as  in  birds)  the  skull  is  aiticulated  to 
the  first  joint  of  the  backbone,  or  vertebral  column,  by  a 
single  knob — technically  termed  the  condyle— in  mammals 
and  salamanders  there  are  two  such  knobs  or  condyles. 
The  single  reptilian  condyle  consists,  however,  of  three 
parts,  a  median  and  two  lateral  elements,  as  is  well  shown 
in  the  back  view  of  the  skull  of  a  turtle.  Now  it  is 
evident  that  by  the  loss  of  the  median  element,  and  the 
extra  development  of  the  two  lateral  parts,  such  a  tripartite 
single  condyle  could  quite  easily  be  converted  into  the 
double  condyles  characteristic  of  mammals ;  and,  as  a 
matter  of  fact,  there  are  indications  how  such  a  trans- 
formation has  been  actually  brought  about. 

The  possibility,  or  indeed  thevery  existence  of  such  a 
transformation  would  not,  however,  be  sufficient  to  demon- 
strate the  descent  of  mammals  from  reptiles.     To  prove 


this  we  have  to  rely  upon  the  evidence  afforded  by  a 
remarkable  group  of  extinct  reptiles  which  flourished 
during  the  early  portion  of  the  Secondary  epoch  of 
geological  history,  and  attained  a  special  development  in 
South  Africa,  or  at  all  events,  have  left  a  large  series  of 
their  remains  in  that  country.  One  of  the  mo.st  curious 
things  about  these  anomodonts  (or  theromorphs),  as  they 
are  called,  is  the  similarity  of  their  teeth  to  those  of 
carnivorous  mammals  ;  the  division  into  incisors,  canines, 
or  tusks,  and  cheek-teeth,  or  grinders,  being  just  as  well 
developed  as  in  the  latter.  But  it  is  not  on  this  dental 
evidence,  strong  as  it  is,  that  we  have  alone  to  depend  in 
affiliating  mammals  to  anomodonts.  In  the  first  place 
there  are  certain  very  significant  resemblances  between 
the  skulls  of  the  two,  more  especially  as  regards  the 
structure  of  the  region  of  the  cheek-bone.  Of  even  more 
importance  is  the  community  of  structure  displayed  by 
the  bony  girdles  supporting  the  limbs  of  the  anomodonts 
and  the  same  portion  of  the  skeleton  in  the  living  egg- 
laying  mammals  of  Australia.  In  each,  for  instance,  the 
haunch-bone  consists  of  three  precisely  similar  elements  ; 
and  an  equally  remarkable  resemblance  is  displayed  by 
the  shoulder-blade  and  the  bones  connected  with  the  same 
in  the  two  groups.  It  is  not  easy  to  make  those  un- 
acquainted with  anatomy  thoroughly  realise  the  importance 
of  these  structural  similarities  ;  but  to  the  anatomist  they 
are  full  of  significance,  and  proclaim  with  no  uncertain 
sound  the  existence  of  an  intimate  genetic  relationship 
between  the  ancient  anomodont  reptiles  and  the  modern 
monotreme  mammals. 

Dr.  H.  Gadow,  of  Cambridge,  sums  up  the  case  con- 
cisely, as  follows  : — "  Mammals."  he  writes,  "  are  descen- 
dants of  reptiles,  as  surely  as  the  latter  have  been  evolved 
from  amphibia  (salamanders  and  their  kindred).  This 
does  not  mean  that  any  of  the  living  groups  of  reptiles 
can  claim  this  honour  of  ancestry,  but  it  means  that  the 
mammals  have  branched  where  the  principal  reptilian 
groups  meet,  and  that  is  a  long  way  back."  The 
anomodonts,  or  theromorphs,  he  adds,  and  especially  the 
smaller  representatives  of  the  sub-group  known  as 
theriodonts,  alone  .show  us  what  these  primitive — half 
reptile,  half  mammal — creatures  were  like. 

But,  it  may  be  objected,  the  most  mammal-like  of  these 
generalised  reptiles  were  furnished  with  a  full  series  of 
formidable  teeth  simulating  those  of  the  carnivora, 
whereas  one  of  the  two  existing  representatives  of  the  egg- 
laying,  or  monotreme,  mammals,  namely  the  spiny  ant- 
eater,  is  toothless,  while  the  other  (the  duckbill,  or 
platypus)  has  only  a  few  teetli  on  the  palate  in  early  life, 
and  these  of  an  altogether  peculiar  and  aberrant  type. 
There  can,  however,  be  little  doubt  that  some,  at  least,  of 
the  ancestral  mammals  were  provided  with  a  full  series  of 
differentiated  teeth  like  those  of  the  carnivorous  anomo- 
donts, although  it  is  by  no  means  certain  that  the  modern 
egg-laving  mammals  are  derived  from  such  a  type. 
Among  the  anomodonts,  for  instance,  there  occur  certain 
forms  with  teeth  not  very  unlike  those  of  the  duckbill, 
and  it  is  thus  quite  possible  that  the  latter  animal  and 
the  spiny  ant-eater  trace  their  descent  to  a  sjiecial  branch 
of  the  anomodont  reptiles. 

For  the  ancestors  of  mammals  other  than  the  modern 
monotremes  we  may  not  improbably  look  to  the  small 
forms  of  which  a  few  jaws  have  been  met  with  in  the 
Stonesfield  Slate  of  Oxfordshire.  That  these  early 
mammals  were  the  direct  descendants  of  the  anomodonts 
there  can  be  little  hesitation  in  admitting  ;  and  it  is  also 
quite  within  the  bounds  of  probability  that  they  laid  eggs. 
Unfortunately,  however,  our  knowledge  of  these  Jurassic 
mammals  is  of  the  most  vague  and  unsatisfactory  nature  ; 
this  being  mainly  owing  to  the  extreme  rarity  and  frag- 
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mentary  condition  of  their  known  remains.  Possibly 
this  may  be  accounted  for  on  the  supposition  that  the 
evolution  of  primitive  and  presumably  egg-laying 
mammals  from  anomodout  reptiles  did  not  take  place  in 
Europe,  or  indeed  anywhere  in  the  northern  hemisphere ; 
SI  I  that  the  few  remains  with  which  we  are  acquainted 
were  probably  derived  from  individuals  which  had  strayed 
far  away  from  the  headquarters  of  the  group.  Nothing  is 
indeed  more  likelv  than  that  Africa  was  the  region  where 
the  anomodouts  develojjed  into  egg-laying  mammals  ;  and 
it  is  to  that  continent  more  than  to  any  other  part  of  the 
world  that  we  may  look  with  the  most  hope  to  the 
discovery  of  a  full  series  of  the  intermediate  forms  between 
reptiles  and  mammals. 

There  is,  indeed,  a  very  great  and  very  serious  "  im- 
perfection of  the  geological  record"  in  regard  to  the  origin 
of  mammals.  For  after  leaving  the  rich  auomodont 
fauna  of  South  Africa,  nothing  is  known  of  mammalian 
development  and  history  save  such  imperfect  information 
as  can  be  gleaned  from  the  aforesaid  jaws  from  the 
Stonesfield  Slate,  and  others  from  the  Pnrbeck  deposits  of 
Dorsetshire,  and  the  Triassic,  Jurassic,  and  Cretaceous 
r'ocks  of  the  United  States,  till  the  early  part  of  the 
Tertiary  peinod  is  reached.  Then  we  come  suddenly  upon 
an  abundant  and  well  differentiated  mammalian  fauna 
widely  spread  over  the  northern  hemisphere.  The  immediate 
ancestors  of  this  fauna  we  have  yet  to  find. 

Nevertheless,  in  spite  of  this  very  large  gap  in  our 
knowledge,  the  information  we  already  possess  is,  as 
mentioned  above,  amply  sufficient  to  demonstrate  the  close 
affinity  existing  between  mammals  and  the  auomodont 
reptiles,  and  to  justify  the  assertion  that  (if  evolution  be 
the  true  explanation  of  animal  resemblances)  the  one  group 
is  the  descendant  of  the  other.  The  thread  of  mammalian 
development  will  be  taken  up  again  in  a  later  paragraph  ; 
but  before  this  is  done,  a  few  words  must  be  devoted  to 
the  other  main  groups  of  mammals. 

In  the  passage  from  Dr.  Gadow's  paper  quoted  above 
it  is  incidentally  mentioned  that  as  reptiles  have  given 
origin  to  mammals,  so  they  themselves  are  the  offspring 
of  am])hibians,  or  salamanders.  And  here,  somewhat 
curiously,  we  must  once  again  refer  to  anomodonts. 
Among  the  more  mammal-like  types  in  this  group  the 
skull  is  vaulted,  with  the  temporal  region  open,  and  the 
component  bones  smooth,  while  the  limbs  were  elongated 
and  adapted  to  raise  the  under  surface  of  the  bidy  well 
above  the  ground.  On  the  other  hand,  there  are  certain 
members  of  the  group  in  which  salamander-like  features 
predominate,  the  skull  being  depressed  and  expanded,  with 
the  temporal  region  roofed  over,  and  the  cranial  bones 
sculptured  externally,  the  limbs  being  short,  so  that  the 
under  side  of  the  body  touched  the  ground. 

We  thus  have  an  approximation  between  the  anomodonts 
and  the  primeval  salamanders,  or  labyrinthodonts.  although 
the  exact  nature  of  the  relationship  is  at  pi'eseiit  somewhat 
obscure.  The  labyrinthodonts,  or,  as  they  are  often  called, 
stegoceplialians,  display,  however,  an  almost  complete 
passage  into  reptiles  ;  so  much  so,  indeed,  that  certain 
American  Permian  forms  (i^ryo/w  and  Cricotus)  are  placed 
by  some  writers  in  the  first  group  and  by  others  in  the 
S'icond.  Among  the  most  salamauder-like  of  true  reptiles 
are  certain  small  forms  (such  as  Hi/lonomus)  from  the 
Carboniferous  and  Permian  ;  these  in  their  turn  pass  into 
still  more  advanced  types,  such  as  Frotorogaurug  of  the 
upjx^r  Permian,  and  PaJxohatteria  of  the  Trias,  and  from 
these  latt(T  there  is  an  almost  unbroken  transition  to  the 
New  Zealand  tuatera  lizard  {Sphciindon),  by  far  the  most 
primitive  and  generalised  oi  all  living  reptiles. 

Regarding  the  connection  between  salamaudei'-like 
am|ihibiiins — more     especially     the     labyrinthodonts,     or 


stegoceplialians — and  fishes  on  the  one  hand  and  reptiles 
on  the  other,  we  may  once  more,  with  slight  verbal  altera- 
tion, quote  from  Dr.  Gadow,*  who  writes  as  follows: — 
"  There  is  no  doubt  that  the  Amphibia  have  sprung  from 
fish-like  ancestors,  and  that  they  in  turn  have  given  origin 
to  the  Reptilia.  The  Amphibia  consequently  hold  a  very 
important  intermediate  position.  It  was,  perhaps,  not  a 
very  fortunate  innovation  when  Huxley  brigaded  them 
with  the  fishes  as  Ichthyopsida,  thereby  separating 
them  more  from  the  Sauropsida  (reptiles  and  birds)  than 
is  justifiable- perhaps  more  than  he  himself  intended. 
The  connecting  link,  in  any  case,  is  formed  by  the  Stego- 
c"phalia ;  all  the  recent  orders,  the  burrowing  cnecilians, 
salamanders  and  frogs,  are  far  too  specialised  to  have  any 
claims  to  the  direct  ancestral  connections.  The  line 
leading  from  the  Stegocepbalia  to  fossil  reptiles,  notably 
to  such  Proreptilia  as  Eryops  and .  Cricotus,  and  even  to 
the  Prosauria  (Hylonomus,  Paloeohatteria,  etc.),  is 
extremely  gradual,  and  the  steps  are  almost  imperceptible. 
Naturally,  assuming  evolution  to  be  true,  there  must  have 
lived  countless  creatures  which  were  neither  Amphibia 
nor  Reptilia  in  the  present  intensified  sense  of  the 
systematist.  The  same  consideration  applies  equally  to 
the  line  which  leads  downwards  to  the  fishes.  But  the 
great  gulf  within  the  Vertebrata  lies  between  fishes  and 
Amphibia,  between  absolutely  aquatic  creatures  with 
internal  gills  and  '  fins,'  and  terrestrial  quadrupedal 
creatures  with  lungs  and  fingers  and  toes." 

Since,  as  indicated  in  the  closing  sentence  of  this 
passage,  direct  palseontological  evidence  of  the  descent  of 
salamanders  from  fishes  is  at  present  wanting,  we  shall 
say  no  more  with  regard  to  those  groups,  except  that  the 
indirect  evide»ce,  as  Dr.  Gadow  points  out,  is  of  itself 
sufficient  to  indicate  the  former  existence  of  intermediate 
types.  We  accordingly  pass  on  to  the  fourth  great  group 
of  vertebrates,  the  birds. 

That  modern  birds  come  closer  to  reptiles  than  to  any 
other  vertebrates  is  indicated  by  Huxley's  scheme  of 
brigading  the  two  groups  together  under  the  common  title 
of  Sauropsida,  to  which  allusion  has  been  already  made  in 
this  article.  To  describe  their  common  features  in  detail 
would  be  quite  out  of  place  on  the  present  occasion,  but 
it  may  be  pointed  out  that  both  groups  agree  in  having  a 
single  condyle  on  the  skull  for  articulation  with  the  first 
segment  of  the  backbone,  as  well  as  in  the  ankle-joint 
being  situated  in  the  middle  of  the  tarsus  instead  of  at  the 
upper  end,  and  also  by  the  frequent  presence  of  what  are 
called  uncinate  processes  to  the  ribs,  and  of  a  ring  of  bony 
plates  in  the  white  of  the  eye.  A  certain  approximation 
to  the  reptilian  type  is,  moreover,  made  by  the  lizard- 
tailed  birds  (Arclueopteryx")  of  the  .lurassie  strata  in  the 
retention  of  the  long  tail  from  which  they  derive  their 
popular  title,  as  well  as  by  the  ]»reseuce  of  claws  on  two 
of  the  digits  of  the  wing,  and  of  teeth  in  the  jaws  ;  teeth 
being  also  retained  in  several,  if  not  all,  of  the  birds  of 
the  succeeding  Cretaceous  epocji.  Nevertheless,  Arclueop- 
teryx  is  in  allrespects  essentially  a  bird,  and  in  no  sense 
ail  intenuediat*'  form  between  birds  and  reptiles. 

There  are,  however,  certain  extinct  reptiles,  the  Dino- 
sauria,  many  of  whose  members  habitually  assumed  an 
upright  posture,  which  exhibit  much  more  decided 
structural  resemblances  to  birds  than  are  presented  by 
any  modern  reptiles.  One  of  the  most  remarkable  of 
these  resemblances  occurs  in  the  bones  of  the  hind-leg.  in 
which  the  upper  i>art  of  the  ankle,  or  tarsus,  tends  to  unite 
itself  with  the  leg-bone,  or  tibia,  thus  simulating  the 
tibio-tarsns,  or  leg-bone  of  a  bird.  On  the  other  hand  the 
lower  half    of    the  tarsus   displays   an  equally   marked 
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tendency  to  coalesce  with  the  npper  bones  of  the  foot. 
Nor  is  this  all,  for  the  latter  bones — the  metatarsals  of 
the  anatomist — in  some  cases  are  partiall_y  coalesced,  so 
as,  in  conjunction  with  the  lower  half  of  the  ankle,  to 
approximate  to  that  very  characteristic  bone  of  a  bird's 
leg  the  tarso-metatarsuK.  Moreover,  there  are  decided 
resemblances  between  the  haunch-bones,  or  pelvis,  of 
dinosaurs  and  birds. 

It  was  largely  on  the  evidence  of  the  dinosauriau 
skeleton — especially  that  of  some  of  the  smaller  members 
of  the  group — that  Huxley  was  induced  to  brigade  birds 
and  reptiles  together  as  Sauropsida.  When  this  generalisa- 
tion was  made,  the  modern  doctrine  of  parallelism  in 
development  was  not  recognized  as  an  important  factor  in 
evolution  ;  and  since  its  recognition  doubts  have  been 
expressed  whether  the  skeletal  resemblances  between  birds 
and  dinosaurs  may  not  be  due  to  this  cause  rather  than 
to  direct  genetic  affinity  between  the  two  groups.  By 
parallelism  in  development,  it  may  be  explained,  is  meant 
the  production  of  more  or  less  nearly  identical  structural 
peculiarities  by  adaptation  to  similar,  or  somewhat  similar 
modes  of  life  ;  or  perhaps,  in  some  instances,  to  a  general 
progressive  evolution  towards  a -higher  structural  type. 
One  of  the  best  instances  is  afforded  by  the  cases  of  the 
horses  and  the  prototheres,  to  which  attention  is  devoted 
in  the  sequel. 

With  a  full  knowledge  of  the  important  part  played  by 
parallelism  in  development  before  him,  Prof.  H.  F.  Osborn,* 
of  New  York,  has  recently  reconsidered  the  evidence  in 
favour  of  the  existence  in  the  Permian  period  of  a  common 
ancestral  stock  from  which  have  diverged  dinosaurs  and 
birds.  WhUe  admitting  that  many  of  the  resemblances 
between  these  groups  are  adaptive  rather  than  CTcnetic, 
and  believing  that  the  apparent  close  corresijondence  in 
the  structure  of  the  jielvis  between  adult  birds  and  the 
herbivorous  dinosaurs  (which  are  specialised  types)  is  due 
in  a  considerable  degree  to  a  misinter])retation  of  the 
homology  of  some  of  their  elements,  Prof.  Osborn 
nevertheless  argues  that  the  resemblances  between  the  two 
groups  are  so  numerous  as  to  justify  the  belief  of  kinship. 
Special  importa,nce  is  attached  to  the  opinion  that  some 
sort  of  bipedalism  was  a  common  character  of  all  dinosaurs, 
the  suggestion  being  countenanced  that  certain  forms,  like 
Stegoeaurus,  have  reverted  from  a  bipedal  to  a  quadrupedal 
mode  of  pi-ogressiou.  Our  present  knowledge,  he  concludes, 
therefore,  justifies  us  in  saymg  that  "in  this  bipedal 
transition,  with  its  tendency  to  form  the  tibio-tarsus,  the 
avian  phylum  may  have  been  given  off  from  the 
dinosaurian.  This  form  of  the  Husleyau  hypothesis  seems 
more  probable  than  that  the  avian  "phylum  should  have 
originated  quite  independently  from"  a  quadrupedal 
proganosaurian  [prosaurian]  reptile,  because  the  numerous 
parallelisms  and  resemblances  in  dinosaur  and  bird 
structure,  while  quite  independently  evolved,  could  thus 
be  traced  back  to  a  potentially  similar  inheritance." 

Although  to  the  lay  reader  his  mode  of  expression  may 
appear  somewhat  unnecessarily  technical  and  abstruse,  if 
not,  indeed,  in  certain  respects,  absolutely  cryptic,  there  is 
no  doubt  from  the  foregoing  observations  that  Prof. 
Osborn  inclines  to  the  belief  that  birds  are  in  some 
manner  genetically  connected  with  the  dinosaurian  reptiles, 
although,  from  the  existence  of  fully  differentiated  birds 
at  such  an  early  epoch  as  the  upper  "Jurassic,  the  date  of 
divergence  must  have  been  extremely  remote,  possibly  as 
far  back  as  the  Permian. 

Before  leaving  this  portion  of  the  subject,  a  word  is 
advisable  with  regard  to  the  flightless  birds  of  the  ostrich 
group.     Not  very  many  years  ago  it  was  considered  that 


*  American  Naturalist,   October,   1900. 


this  group  was  the  oldest  and  the  one  nearest  akin  to  the 
extinct  dinosaurs.  It  is  now,  however,  quite  evident,  if 
only  from  the  structure  of  their  degenerate  wings,  that 
the  ostrich-like  birds,  in  place  of  being  their  ancestors,  are 
themselves  descended  from  forms  endowed  with  the  power 
of  flight — whether  from  more  than  a  single  group  we  need 
not  now  pause  to  enquire.  It  is  true  that  in  certain 
respects  their  skeletons  come  nearer  to  the  dinosaurian 
type  than  is  the  case  with  those  of  their  flying  relatives. 
But  their  resemblance — either  by  parallelism  in  develop- 
ment, or  by  reversion  to  the  common  ancestral  type — may 
probably  be  explained  by  their  mode  of  life  being  more 
like  that  of  dinosaurs,  and  perhaps  in  part  by  the  large 
bodily  size  of  the  majority  of  the  group. 
(Id  he  co)i!iiiued.) 
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LORD   KELVIN'S    NEW   IDEA   ABOUT  ETHER 
ATOMS. 

By  Dr.  J.  G.  McPherson,  f.e.s.e. 

Lord  Kelvin,  President  of  the  Royal  Society  of  Edin- 
burgh, startled  the  Fellows,  on  the  evening  of  the  19th 
January,  with  his  new  idea  about  ether  atoms,  in  his 
exposition  of  the  reflection  and  refraction  of  light.  He 
lias  hieen  for  years  met  by  serious  difficulties  in  carrying 
out  the  practical  conclusions  of  the  undulatory  theory  of 
light ;  and  these  difficulties  he  exposed  in  detail. 

One  investigator  after  another  he  found  to  make  in- 
genious suggestions  on  the  old  lines.  But  Fresnel,  Green, 
Voight  and  others,  with  all  their  ingenuity,  could  not 
account  for  certain  discrepancies.  But  Lord  Kelvin,  with 
a  master  hand,  has  dispelled  all  these  difficulties  by  a  direct 
denial  of  a  tenet  of  the  Schoolmen  that  "  two  bodies  cannot 
occupy  the  same  space  at  the  same  time."  Paradoxical 
as  it  appeal's,  he  assumes  the  opposite,  that  two  bodies 
can  occupy  the  same  space.  That  is  his  main  and  funda- 
mental tenet,  and  by  it  he  is  able  to  clear  the  air  of  what, 
for  a  quarter  of  a  ceutury,  has  interfered  with  his  coming 
to  satisfactory  conclusions  on  light  and  electricity. 

Leucretius  was  right  in  saying,  two  thousand  years  ago,' 
that  matter  was  not  infinitely  divisible,  but  that  atoms 
and  the  void  constituted  matter.  These  atoms,  he  con- 
sidered, were  indivisible,  originally  moving  in  parallel  (  ^ 
lines.  His  fallacy  was  in  assuming  that  an  atom  had  the  y^  ^ 
inherent /acH^  of  changing  the  direction  of  its  motion,  so  S§ 

that,  by  interrupting   the  parallel  lines  of  motion  of  the"' 
atoms  by  the  alteration  of  direction  at  some  point,  atoms  „         ?-L 
were  brought  together  out  of   the  void  to  form  matter.  •      yC 
Tet  Leucretius  did  not  dream  with  his  fallacy  ;  for  Lord-y  s 
Kelvin,  though  discarding  any    idea  of    the  quasi-living^xj  V  • 
j)ower  of  the  atom  to  change  the  direction  of  its  motion, »  '  X 
assumes  that  there  is  an  elecfrloii,  or  electric  atom  within  "7    ^ 
the  material  atom.  '^     .C* 

Lord  Kelvin  assumes  that,  prima  facie,  according  to  the         pj"^ 
laws  of  dynamics,  the  material  atom  is  of  a  spherical  form.      •.» 
But   this   atom    is    permeated    by    the    ether  atom,  both 
occupying  the  same  space.     Though  the  electrion  is  not 
material,  the   ether   atom   is  material,  of   the   fine  jelly    .   ^ 
constituency,    infinitely     incompressible,    though     easily  ^t.   rft 
changeable  in  form.  ^    i' 

He     illustrated    the    combination    of    the    ether    andC/'     ^ 
ordinary  material  atoms  in  one  spherical  form  and  plac»>I.  i    ^'^ 
bv  simple  experiments.     If  a  piece  of  common  shoemaker's"^  *  - 
rosin  be  hung  in  water,  and  an  iron  bullet  be  placed  on^     J 
the  toj»  surface  of  the  hard  rosin,  the  bullet  will,  throughX     /* 
time,  slip  inside  the  rosin.     If,  again,  a  spherical  piece  ot      .^ 
cork  be  placed   under  the  rosin,  it  will  work  its  way  iJp 
into  the   rosin,  just  as  the  iron  bullet  ivi-ought  its, way 
down. 
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The  spherical  atom  of  matter  is  not  homogeneous,  but 
it  is  heavier  at  the  centre  than  near  the  surface. 
Accordingly,  when  an  ether  current  comes  upon  the 
s[>herical  surface  of  the  material  atom  it  acts  differently 
from  the  case  of  coming  upon  an  ether  atom.  In  the 
latter  case,  it  would  pass  right  through  without  change  of 
direction.  In  the  former  case,  the  direction  of  motion 
would  be  attracted  for  a  time  nearer  the  centre  of  the 
atom,  on  account  of  the  greater  density  there,  a,nd  again 
reach  the  opposite  side  of  the  sphere,  finally  issuing  from 
the  surface  of  the  sphere  in  the  original  direction  of 
motion. 

The  electrion  is  the  marvellous  worker  in  the  atom  of 
matter,  permeated  by  the  ether  atom.  It  is  not  always  a 
unit,  it  may  be  one,  two,  or  more,  but  up  to  nine  will 
account  for  all  the  variations  of  motion,  in  unstable 
circumstances  ;  yet  there  may  be  liundreds  all  within  the 
one  material  atom.  Nine  he  considers  the  necessary 
maximum,  though  one  may,  in  certain  circumstances, 
suffice.  Tliis  electrion,  with  the  self-occupancy  of  the 
ether  atom  and  material  atom,  is  the  new  means  which  he 
has  secured  for  explaining  away  the  difficulties  which  he 
has  for  long  experienced  in  accounting  for  certain  details 
in  polarized  light. 

/  This  is  a  bold  stroke,  and  we  must  wait  with  patience 
until  his  remarkable  paper  is  published,  in  which  he  gives 
startling  details  to  undermine  much  of  what  has  been 
done  by  writers  on  Light.     He  holds  to  Newton's  law  of 

'  gravitation,  that  one  body  influences  another  l)ody,  though 
not  in  contact,  but  he  requires  his  new  idea  of  the  com- 
bination or  self-occupancy  in  the  same  space  of  the  jelly- 
like ether  atom  and  the  spherical  material  atom. 

Even  this  outline  must  interest  our  readers.  Without 
diagrams,  and  these  would  be  imperfect,  I  could  not  give 
them  an  accurate  idea  of  the  facility  of  the  explanation  of 
the  undulatory  theory  of  light  in  reflection  from  a 
perfectly  polished  silver  plane,  and  in  refraction  through 
the  diamond,  ordinary  glass,  and  water.  These  Lord 
Kelvin  illustrated  by  curves,  showing  the  inaccuracy  of 
the  curves  made  by  former  observers  and  the  accuracy — 
as  tested  by  experiment — of  the  results  of  his  hypotheses. 


CROSS-FERTILISATION    IN   SOCIOLOGY.-II. 

By     J.    COLMER. 

Individual    Fertilisation. 

Immigrant  individuals  initiate  or  continue  the  work  of 
groups  or  masses.  A  few  striking  examples  may  be  as 
convincing  as  a  long  Ust.  Dynasties  are  often  founded  by 
immigrants.  A  Suabian  cadet  founded  the  house  of 
llohenzollern,  and  his  type  of  character  has  proved 
persistent  through  all  alliances,  manifesting  itself  as 
plainly  in  the  present  vigorous  ruler  as  in  any  of  his 
ancestors.  By  a  kind  of  moral  transfusion  the  solid 
qualities  of  the  race  have  passed  into  the  people,  which  is 
likewise  marked  by  courage,  prudence,  thrift,  siiiqilicity  of 
life,  a  firm  grasp  of  reality,  and  a  total  estrangcinont  from 
German  dreaminess  and  confused  vision  of  reality.  With 
these  attributes  kings  and  people  together  have  expanded 
a  slender  nucleus  into  a  powerful  state,  and  made  tliat 
state  the  heart  and  brain  of  Germany.  A  single  woman 
carried  into  France  in  the  sixteenth  century  tlie  impure 
blood  of  tlu!  Medici.  Keen  observers  have  detected  in  the 
portraits  of  her  sons  the  prepotency  of  the  strong  Italian 
house  over  the  hrillianl  lineage  of  Francis  I.  Is  it  possible 
to  mistake  the  same  prejiotency  in  the  history  of  the 
following  reigns  ?  At  a  time  wlien  France  was  wavering 
between  Catholicism  and  the  Kefoniuition,  Catherine  and 


her  sons  assured  the  predominance  of  the  old  religion. 
Corsican  Napoleon  re-made  France  in  his  own  image.  The 
Cisalpine  house  of  Savoy  built  up  the  Transalpine  kingdom 
of  Italy.  Noble  families,  too,  have  introduced  a  new  strain 
into  their  adopted  country.  The  German  Colonnas  in 
Italy  were  long  and  strenuously  anti-Papal ;  the  Savoyard 
Colignys  nearly  succeeded  in  carrying  France  over  to 
Protestantism;  the  Italian  Broglies,  though  doubly  crossed 
with  Protestant  houses,  have,  on  the  whole,  exercised  a 
reactionary  influence  in  France ;  the  Savoyard  Sainte- 
Aldegonde  was  the  author  of  the  Compromise  of  Breda 
with  which  began  the  war  of  independence  in  Holland  ;  and 
another  Savoyard,  Bonnivard,  heralded  the  reformation  in 
Switzerland,  and  the  independence  of  his  country.  Great 
statesmen  have  sometimes  given  a  new  political  complexion 
to  their  adopted  country.  Mazarin.  saved  the  unity  of 
France.  Beaconsfield  added  prestige  to  Imperialism,  and 
created  a  new  England  that  some  of  us  no  longer  know. 
The  Due  de  Richelieu  was  the  founder  and  ruler  of  Odessa. 
Bolivar  was  no  Peruvian.  Political  leaders,  such  as 
Kossuth  and  Strossmayer,  were  foreigners.  Great  dis- 
coverers, from  Columbus  to  De  Brazza,  are  often  foreigners. 
Four  Danes  excited  original  developments  in  Prussia. 
Repaying  the  debt  of  France  to  Maurice  of  Saxony, 
Moltke  made  advances  in  the  art  of  war  that  assured 
victory  to  Prussia  and  afterwai-ds  to  Germany.  Niebuhr 
created  a  new  historical  method,  to  which  Mommsen 
gave  ascendency.  George  Brandes  has  acclimatised 
cosmopolitan  criticism  in  Berlin.  The  arts  have  everywhere 
been  transmitted  by  immigrant  artists.  Two  examples 
will  perhaps  serve  where  hundreds  could  be  given.  Lulli, 
with  the  aid  of  Quinault,  founded  Italian  opera  in  France, 
and  from  their  joint  product  descends  the  characteristically 
French  opera,  Gounod's  "  Faust."  Spontini  carried  Italian 
melody  to  Germany,  and  there  married  it  to  the  German 
genius  for  harmony,  represented  by  Weber,  and  from  these 
two  have  sprung  Mozart's  "  Don  Giovanni,"  and  the  more 
characteristically  German  operas  of  W^agner.  An  eciually 
pointed  instance  will  show  how  cross-fertilisation  acts  in 
science.  The  Italian  astronomer,  Cassini,  made  in  Paris 
the  first  observations  for  measuring  the  earth.  In 
company  with  the  Abbe  Picard  he  began  the  tracing  of  the 
first  meridian,  which  Picard  continued,  and  from  the 
measurement  of  the  degree  given  by  Picard,  Newton 
calculated  the  force  that  retains  the  moon  in  her  orbit. 
The  more  recent  names  of  Tadema  and  Herkomer,  of 
Panizzi  and  Libri,  Mohl  and  Max  Miiller,  out  of  hundreds 
in  all  countries,  will  suggest  how^  much  all  departments 
of  human  activity  are  fertilised  by  blends.  Sometimes 
immigrants  merely  strengthen  an  existing  tendency.  The 
Saxons  Ranke  and  Treitschke,  transplanted  to  Berlin, 
became  "  more  Prussian  than  the  king,  '  and  the  Suabian 
Hegel  buttressed  Conservatism  in  the  same  country. 
Lastly,  prelates  like  Bessarion  and  Ximeuez.  and  such 
monarchs  as  Francis  I.  and  Louis  XIV.,  Isabella  of  Spain 
and  Catherine  dei  Medici,  the  Czar  Peter,  the  Czarina 
Catherine,  and  Frederick  the  Great,  who  import  artists, 
men  of  letters,  and  savants,  resemble  the  botanists  who 
place  the  pollen  of  one  plant  on  the  stigma  of  another,  or 
the  breeders  who  artificially  pair  varieties. 

De<;enerati;  Modes. 
We  have  already  passed  insensibly  into  a  new  order 
of  facts.  Fertilisation  by  masses  and  groups  was  brought 
about  by  the  actual  mingling  of  two  stocks.  Fertilisation 
by  individuals  is  often  physical ;  the  Colignys  and  the 
Colonnas,  the  Savignys  and  Chopins,  the  Roscoes  and 
Rossettis,  are  tlio  offs]>ring  of  crosses  between  imiuigr;uits 
and  natives.  But  many  immigrants  of  genius  are  either 
celibate  or  sterile.     Mazarin.   Disraeli,  and  Moltke  were 
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pure-bred,  and  though  all  three  left  behind  them  offshoots 
of  their  race,  they  themselves  added  not  a  dro]i  of  alien 
blood  to  their  adopted  countries,  any  more  than  did  the 
host  of  missionaries,  from  Mahinda  and  Boniface  to 
Mott'at  and  Damien,  to  the  countries  they  evangelized. 
Their  action  was  pui'ely  spiritual.  Spiritual  action  is  the 
mimicry  of  physiologii:al  action  ;  nevertheless,  it  too  is 
genuine.  A.  thinker's  thoughts,  an  artist's  works,  a 
statesman's  deeds,  are  as  children  b(_iru  to  him,  and  the 
transformation  they  accomplish  becomes  physi<jlogical  in 
tuni.  The  modes  of  cross-fertilisation  still  to  be  described 
are  of  this  order. 

The  female  of  many  animal  species  goes  in  search  of 
the  male,  or  at  least  throws  herself  in  his  way.  From 
Plotinus  to  Postel,  and  fi'om  Burnouf  to  Mrs.  Besant, 
sages,  scholars,  and  seekers  have  gone  on  pilgrimage  to 
the  East  to  discover  the  secrets  of  existence  or  the  materials 
of  science.  Mediaeval  students  flocked  to  Paris,  and  the 
fertility  of  Scholasticism  is  doubtless  due  to  the  Gennan, 
Italian,  and  English  crosses  with  the  French  intellect. 
Young  Castilians  southed  to  G-ranada  to  learn  courtly 
manners,  as  the  young  English  used  to  do  the  grand  tour, 
and  Spanish  ceremony  may  owe  its  stateliness  to  the 
instruction.  The  English,  French,  and  German  scholars 
of  the  Renaissance  pilgrimed  to  Italy.  Painters  and 
sculptors  of  all  countries  frequented  Rome,  as  now  Paris. 
New  species  are  thus  begotten.  Again  a  few  examples 
must  suflice. 

Almost  all  the  pre- Revolutionary  thinkers  of  France 
had  visited  England,  and  had  studied  its  constitutional 
liberties,  its  science,  philosophy,  and  free-thought. 
Montesquieu  spent  two  years  in  our  country,  and  every 
page  of  his  chief  work  bears  witness  to  the  fertility  of  the 
contact.  Voltaire  came  to  England  "to  learn  to  think,"  and 
passed  three  years  in  constant  intercourse  with  its  greatest 
writers.  His  debt  to  English  thought  has  perhaps  been 
overstated.  M.  Brunetiere  has  conclusively  shown  that 
Voltaire's  scepticism  was  of  earlier  date  than  his  visit  to 
England,  and  in  fact  he  but  continued  an  old  French 
tradition.  But  it  cannot  be  doubted  that  his  native  tenden- 
cies were  stimulated  by  acquaintance  wdth  Bolingbroke 
and  English  deists.  Not  less  fruitfully  he  became  the 
expositor  of  the  Baconian  logic,  the  Newtonian  physics, 
and  the  Lockian  psychology.  English  notions  of  liberty 
and  canons  of  criticism  passed  into  the  French  mind. 
Mr.  Lecky  does  not  exaggerate  in  describing  this 
interaction  as  the  junction  of  the  I'rench  and  English 
intellects. 

The  Baptist  of  the  modern  renaissance  of  art  was  Johann 
Joachim  Winkelmann.  A  deep  affinity  for  Hellenism  in 
both  intellect  and  temi>erament  led  him  to  the  study  of 
Plato,  the  inspection  of  casts  from  the  antique  at  Dresden, 
and  finally  to  Rome.  There  he  accomplished  his  "finding 
of  Greek  art."  All  who  have  since  transfused  the  old 
Hellenic  spirit  into  literature  and  faith,  art  and  life, 
descend  from  him.  No  more  scientific  language  than 
Hegel's  can  be  used  to  describe  his  generation  of  a  new 
variety : — 

■'  By  coutemplatiou  of  the  ideal  works  of  the  ancients,  Winkelmann 
received  a  sort  of  inspiration  through  which  he  opened  a  new  sense 
for  the  study  of  art.  He  is  to  be  regarded  as  one  of  those  who  in 
the  sphere  of  art  have  known  how  to  initiate  a  new  organ  for  the 
human  spirit." 

Under  the  grey  skies  of  Sweden,  Fogelberg,  like  Mignou, 
dreamed  of  the  South.  A  dying  Swedish  sculptor  told 
him  that  in  Italy  alone  he  should  find  true  beauty.  He 
had  sought  to  achieve  a  Balder,  a  Ihor,  an  Odin,  and  had 
failed ;  he  needed  the  fertilising  contact  with  Greek  art. 
Alter  some  years'  study  in  Italy  he  produced  an  Odin, 
which  Gustave  Planche  describes  as  the  offspring  of  "  a 


happy  alliance  between  the  Swedish  genius  and  the  antique 
genius."  It  is  a  new  type,  a  genuine  creation.  His  Thor 
and  Balder  are  similarly  two  original  types,  neither  Greek 
nor  medieval,  whose  conception  is  Scandinavian,  while  the 
expressit)n  is  Greek. 

Thorwaldsen  spoke  of  himself  as  having  been  born  on 
the  day  he  entered  Rome,  when  he  was  twenty-seven  years 
old  ;  till  then,  he  said,  he  did  not  exist.  The  influence  of 
Rome  transformed  a  skilled  artisan  into  a  sculptor.  His 
])rincipal  merit,  according  to  Vicomte  Delaborde,  lay  in 
combining  the  ancient  style  with  nn)dern  sentiment.  He 
expressed  modern  ideas  and  new  or  revived  themes 
according  to  Greek  methods,  discovered  by  intuition  and 
not  by  learning.  He  went  back  to  an  earlier  period  of 
Greek  art  than  had  previously  been  imitated,  and,  with  an 
irresistible  force  of  assimilation,  he  incorporated  its  sub- 
stance and  penetrated  its  spirit.  Michel  Agniolo  had,  in 
just  the  same  way,  founded  the  sculpture  of  the  Renais- 
sance. More  consciously  and  systematically,  Flaxman 
and  Ingres  arrived  at  similar  results. 

The  extent  to  which  this  mode  of  cross-fertilisation  still 
prevails  in  scholarship  will  appear  from  the  fact  that,  in 
1900,  over  2.50O  foreigners  were  entered  on  the  books  of 
German  universities.  Of  these  736  were  Russians,  in 
whom  the  ardour  of  conquest  is  equalled  by  the  ardour  of 
discipleship.  The  Russians  are  at  once  female  to  higher 
and  male  to  lower  races. 

Secondary  Agencies. 

1.  The  insects,  birds,  and  mammals  that  carry  pollen 
and  seeds  to  other  plants  and  countries,  have  their 
analogues  in  the  chapmen  and  travelling  merchants, 
navigators,  pilgrims,  and  missionaries,  who  convey  books, 
works  of  art  and  industry,  germs  of  religious  ideas  and 
political  movements.  It  is  a  degenerate  mode  of  fertilisa- 
tion, being  far  slower  and  less  efficacious  than  the  local 
presence  of  immigrants,  but  its  effects  are  identical. 
Native  species  are  modified,  if  less  deeply,  and  new  species 
are  transplanted,  though  they,  too,  undergo  modification. 
An  ancient  and  a  modern  exami>le  may  be  adduced. 
Phcenician  merchants  undesignedly  introduced  into  Greece 
the  Egyptian  alphabet  and  art  of  writing,  and  thus 
foundecl  the  culture  of  Europe.  The  first  seeds  of 
Christianity  were  planted,  half  unconsciously,  by  the 
pirate-merchant  Vikings,  who  returned  to  Scandinavia 
after  a  long  sojourn  in  Christian  lands. 

2.  The  winds  and  marine  currents  that  likewise 
transport  seeds  have  their  congeners  in  the  world- 
rivers  and  commercial  routes,  and  their  analogues  in  the 
ships,  caravans,  and  vehicles  by  means  of  which  the 
bulk  of  modern  propagandism  is  accomplished.  Wind- 
fertilised  jalants  are  believed  to  be  degraded  specimens  of 
insect-fertilised  plants,  and  the  intellectual  influences 
conveyed  through  books  and  casts,  though  often  vivid  and 
powerful,  are  faint  in  comparison  with  the  direct  action  of 
teachers  immigrant  or  resorted  to.  Two  illustrative 
instances  might  be  developed  were  there  space  :  —  (I^  New 
England  transcendentalism  was  begotten  by  the  writings 
of  Coleridge,  Cousin,  and  Carlyle  on  the  theology  of 
Puritanism  as  expounded  by  profound  thinkers  like 
Jonathan  Edwards.  None  of  its  iuspirers  ever  visited 
America,  and,  if  Emerson  visited  Coleridge  and  Carlyle, 
he  professed  that  he  derived  little  benefit  from  personal 
intercourse  with  either  of  them.  Yet  New  England 
transcendentalism  is  a  distinct  variety  of  philosophic 
thought.  (^1)  Darwin  never  visited  Germany,  and  few 
Germans  were  received  at  the  modest  house  in  Down  ;  yet 
Darwin's  writings  initiated  a  new  and  fruitful  movement 
in  that  country  to  which  no  bounds  can  be  set.  Darwinism 
developed  by  Haeckel  is,  again,  a  distinct  variety. 
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From  these  few  examples  alone  we  might  conclude  that 
"  nature  abhors  self-fertilisation  "  in  civil  as  in  natural 
history,  and  that  no  sociological  species,  as  no  biological 
species,  is  perpetually  self-fertilised.  Where  a  nation, 
like  the  Chinese,  maintains  its  vigour  intact  for  centuries 
of  refusal  to  cross,  it  owes  its  tenacity  to  being  one  of  the 
most  widely  migratory  peoples  on  record.  Dispersal  over 
a  large  area  may  protect  a  species  against  its  own 
exclusiveness. 


THE    CHEMISTRY    OF    THE    STARS. 

II.— VARIETIES    OF    SPECTRA. 

By  A.  Fowler,  f.r.a.s. 

The  first  recorded  observations  of  the  spectra  of  the  stars 
and  planets  were  made  in  1814  by  Fraunhofer,  who  then 
discovered  the  important  facts  that  Venus  and  Mars  had 
spectra  resembling  that  of  the  sun,  while  the  spectrum 
of  Sirius  was  very  different.  After  increasing  his  pre- 
viously very  small  optical  equipment — a  prism  of  60° 
in  front  of  the  telescope  of  a  theodolite — it  was  found  that 
the  spectrum  of  Castor  was  like  that  of  Sirius,  the  spectra 
of  Capella  and  Pollux  similar  to  the  spectrum  of  sunlight, 
and  the  spectrum  of  Betelgeuse  somewhat  different. 
Fraunhofer,  in  short,  recognised  that  there  were  at  least 
three  varieties  of  stellar  spectra. 

It  was  not  until  18511,  however,  that  these  observations 
received  the  notice  to  which  they  were  entitled.  In  that 
year  Kirchhoff  published  his  researches  on  the  origin  of 
dark  lines  in  spectra,  and  it  soon  became  evident  that  the 
methods  employed  in  the  analysis  of  sunlight  could  be 
equally  applied  to  the  determination  of  the  chemical 
constituents  of  the  stars.  Rutherfurd,  Secchi,  and  Sir 
William  Huggins  were  most  prominent  among  the  earlier 
workers  in  this  direction,  and  while  the  latter  observer 
chiefly  concerned  himself  with  the  minute  analysis  of  a 
few  stars,  the  others  observed  a  greater  number  of  stars 
with  a  view  to  their  classifioatiim  into  groups.  Following 
up  this  pioneer  work,  detailed  investigations  of  the  spectra 
of  the  stars  have  been  carried  on  with  conspicuous  success 
by  Prof.  Pickering  in  America,  Sir  Norman  Lockyer,  Sir 
Wm.  Huggins,  and  Dr.  McClean,  in  England,  and 
Professors  Vogel  and  Scheiner  in  Germany. 

As  a  general  result  of  the  work  which  has  been  done,  it 
is  found  that  the  great  majority  of  the  thousands  of  stars 
which  have  been  studied  either^fall  into  one  of  the  types 
recognised  by  the  earlier  observers,  or  may  be  considered 
as  intermediate  between  two  of  the  types  ;  that  is,  the 
different  varieties  merge  into  each  other  by  almost 
insensible  gradations.  For  this  reason  it  is  now  generally 
believed  that  stars  are  not  fundamentally  different  in 
chemical  composition,  but  that  the  differences  in  their 
spectra  an;  mainly  due  to  differences  in  the  physical  states 
which  the  stars  have  reached  in  an  evolutionary  process. 

In  classifications  of  stellar  spectra,  an  attempt  is 
accordingly  made  to  indicate  them-der  in  which  the  various 
spectra  succeed  each  other  in  the  history  of  a  star,  and  not 
merely  to  put  similar  stars  into  the  same  group.  There 
are  some  points,  however,  on  which  authorities  differ, 
though  there  is  a  general  agreement  in  regard  to  some  of 
the  ])rincipal  types  ;  and  it  is  doubtless  because  of  the 
divergencies  of  opini^m  that  the  classification  suggested  bv 
Secchi,  with  slight  additions,  is  even  now  tlie  only  one 
which  can  be  considered  an  universal  language  of  the 
subject.  It  is,  in  fact,  still  a  very  convenient  classification 
so  far  as  concerns  the  observations  which  can  be  made 
visually,  though  it  is  hopelessly  inadequate  to  deal  with 
the  finer  differences  of  spectra  revealed  by  modern  photo- 


graphic methods.  There  is  one  feature  of  Sir  Norman 
Lockyer's  classification  which  has  much  to  recommend  it 
as  a  tentative  nomenclature  for  the  greater  number  of 
groups  which  must  now  be  separately  distinguished.  In 
this,  the  various  groups  are  no  longer  denoted  by  a  dis- 
tinctive number  or  letter,  but  by  a  name  derived  from  that 
of  a  typical  star,  a  plan  which  had  been  previously 
adopted  in  a  small  way  by  other  writers  ;  thus  if  a  star 
gives  a  spectrum  like  that  of  Sirius,  it  is  called  a  Siriaii 
star;  if  like  Antares,  an  Aiitarian  star;  if  like  19  Piscium, 
a  Piscian  star,  and  so  on.  This  nomenclature  has  the 
advantage  of  admitting  of  easy  extension  as  future 
researches  may  require,  without  disturbing  any  arrange- 
ment of  numbers  or  letters. 

It  is  proposed  to  discuss  later  the  more  important 
varieties  of  spectra  in  some  detail,  but  meanwhile  it  will 
facilitate  matters  to  take  a  broad  general  review  of  the 
various  types.  In  the  light  of  our  present  knowledge, 
the  classification  of  Secchi  may  be  conveniently  exteaded 
as  follows,  retaining  his  enumeration  so  far  as  it  goes,  and 
indicating  the  varieties  of  each  which  have  been  separately 
named  by  Lockyer  :  — 

Type  O. — Spectra  in  which  the  dark  lines  of  hydrogen 
and  helium  are  of  moderate  intensity  and  nearly  all 
other  lines  relatively  feeble. 

From  their  frequent  occurrence  in  the  constellation 
Orion,  the  stars  of  this  type  are  often  called  "  Orion 
stars,"  but  they  are  by  no  means  confined  to  that  part 
of  the  heavens. 

"  Helium  stars  "  is  a  name  also  sometimes  applied 
to  stars  of  this  class. 

A  few  stars  of  this  type,  such  as  y  Cassiopeise, 
show  bright  lines  in  addition  to  the  dark  ones.  These 
are  frequently  referred  to  as  stars  of  the  "  Orion  type 
with  bright  lines." 

Includes  the  stars  classified  by  Lockyer,  according 
to  differences  in  detail,  as  Alnitamiaii  (so  named  from 
£  Orionis),  Crucian  (S  Crucis),  Tauriau  (^  Tauri), 
Achendnn  {a.  Eridani),  Algolian  and  Rujeliaii. 
Type  I. — Spectra  in  which  the  dark  lines  of  hydrogen 
are  very  strong  and  all  other  lines  relatively  weak. 
The  weaker  lines  include  both  arc  and  spark  lines  of 
various  metals. 

Includes  the  groups  named  by  Lockyer  Markabiau 
(at  Pegasi)  and  Siriaii.  The  Cygniaii  (a  Cygni) 
stars  may  be  regarded  provisionally  as  a  special 
variety  in  which  the  hydrogen  lines  are  somewliat 
subdued,  while  the  spark  lines  of  the  metals  are 
especially  developed. 
Type  I. -II. — Spectra  intermediate  between  Types  I.  and 
II.  ;  the  hydrogen  lines  are  of  moderate  strength,  and 
a  great  number  of  metallic  lines,  both  arc  and  spark, 
are  also  conspicuous. 

Includes  Lockyer's  group  of  rrocyunian  stars.  The 
Polariaii  gi'oup,  also  having  numerous  dark  lines, 
may  be  provisionally  regarded  as  a  special  variety  ; 
the  hydrogen  lines  are  less  intense  than  in  Procyon. 
Type  II, — Spectra  resembling  that  of  the  sun,  in  having 
a  multitude  of  strong  lines  corresj)ouding  with  lines 
seen  in  the  arc  spectra  of  the  metals,  the  hydrogen 
lines  having  lost  their  predominance.  From  their 
resemblance  to  the  sun,  the  sturs  of  this  class  are 
often  called  stars  of  the  "  solar  tyjK.>." 

Includes  Lockyer's  groups  of  Ahlebariau  and  Arc- 
tiirian  stars. 
Type  III. — Spectra  with  dark  flutiugs,  fading  towards 
the  red  end  of  the  spectrum,  and  having  also  many 
metallic  lines.     The  hydrogen  lines  are  very  feeble. 
Includes  Lockyer's  Antarian  group. 
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Tvpe  IV. — Spectra  with  dark  Hutings,  due   to  carbon, 
fading  towards  the  blue  end  of   the   spectrum.     All 
stars  of  tliis  type  are  fainter  than  5th  magnitude. 
Includes  Lockyer's  Pisciajt  group. 
Tyj)e  V. — Spectra  consisting  chiefly  of  bright  Hues,  some 
of  which  are  due  to  hydi-ogeu  and  helium,  and  others 
are  at  present  of  unknown  origin.     On  acct)unt  of  the 
first   examples   having   been   discovered    by    Messrs. 
Wolf  and  Rayet,  they  are  often  called  "  Wolf-Rayet 
stars." 
Stars  of  types  O  and  I.  are  white,  those  of  type  II.  vary 
from  yellowish-white  to  yellow,  and  those  of  types  III. 
and  IV.  range  from  yellow  to  red. 

An   attempt   to   illustrate   the   more   common  spectral 
types  is  made  iu  Fig.  5.     The  spectra  are  drawn  as  they 


eyepiece  like  an  ordinary  sun-cap),  and  having  a  cylindrical 
lens,  C,  which  comes  between  the  eye  and  the  prism. 
Suppose  that  after  centering  a  star  in  the  usual  manner  in 
the  telescope  the  spectroscope  is  added  without  the 
cylindrical  lens.  In  place  of  the  onlinary  star  image  a 
thin  line  will  be  seen,  red  at  one  end,  and  passing  through 
all  the  colours  of  the  spectrum  to  violet  at  the  other  end. 
Under  these  conditions  the  spectrum  "  lines "  are  mere 
dots,  and  to  make  them  more  easily  visible  it  is  necessary 
to  broaden  the  spectrum  by  introducing  the  cylindrical 
lens,  so  that  the  dots  are  spread  out  into  lines.  The  use 
of  this  spectroscope  is  thus  very  simple — the  star  is 
centred  and  focussed  iu  the  ordinary  manner,  and  then 
the  spectroscope  is  slipped  on  the  eyejjiece,  no  alteration 
of  focus  being  required. 
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-Tlie  Fire  principal  Types  of  Spectra.      O.  y  Ononis ;  I.,   Siriu: 
lY.,  152,  Schjellerup. 
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;    II.,  Arcturus ;    III.,  a,  Orionis; 


ajipear  in  prismatic  spectroscopes,  where  the  blue  end  is 
more  dispersed  than  the  red.  The  spectra  of  the  third 
and  fourth  type  stars  are  reproductions  of  drawings  made 
by  Duner,  who  has  made  a  special  study  of  these  stars. 

Rememliering  that  Fraunhofer  made  discoveries  with  a 
telescope  only  a  little  over  an  inch  in  aperture,  it  will  be 
evident  that  the  oliservation  of  the  general  features  of  the 

principal  varieties  of 
spectra  is  possible 
without  any  great 
instrumental  equip- 
ment, though  it  must 
be  admitted  that  it  re- 
quires a  considerable 
amount  of  patience. 
Still,  a  persevering 
observer  will  be  well 
rewarded  for  his 
trouble,  even  if  his 
telescope  has  no 
greater  aperture  than 
three  inches,  if  he  pro- 
vides himself  with  a 
suitable  spectroscope. 
One  of  the  most  convenient  instruments  for  viewing  the 
spectra  of  stars  is  the  Zolluer  "  ocular  "  spectroscope,  the 
parts  of  which  are  diagrammatically  .shown  iu  Fig.  6.  A 
small  direct-vision  prism,  P,  is  inserted  iu  a  tube,  T, 
terminating  in  a  flange,  F  (adapted  to  fit  on  the  telescopic 


Fig.  6. — The  Zollner  Star  Spectroscope. 


Another  well-known  arrangement  is  the  McClean  star 
spectroscope.  Here  the  eyliudrical  lens  is  a  concave,  and 
combines  the  functions  of  the  cylindrical  lens  with  those 
of  the  telescopic  eyepiece.  The  cylindrical  lens  alone,  if 
used  as  an  eyepiece  for  the  telescope,  will  show  a  star 
image  as  a  short  line  of  light,  of  course  without  colour, 
and  this  is  spread  out  into  a  spectrum  when  the  prism  is 
added.  The  procedure  with  this  instrument  is  first  to 
centre  the  star  in  the  telescope  in  the  usual  way,  remove 
the  eyepiece,  insert  the  spectroscope,  and  push  in  towards 
the  object-glass  until  the  lines  appear  pjroperly  focussed. 
When  once  the  focus  has  been  determined  it  is  useful  to 
mark  the  position  of  the  draw-tube. 

Believing  that  a  record  of  actual  experience  with  small 
instruments  will  be  useful  to  many  readers  of  Knowledge, 
I  have  asked  my  friend,  Mr.  A.  Foote,  f.r.a.s.,  who  has 
devoted  much  attention  to  stellar  spectra  as  observed  with 
a  3-inch  telescope,  to  be  kind  enough  to  furnish  me  with  a 
few  notes  as  to  what  he  has  been  able  to  observe.  In 
acceding  to  my  request,  Mr.  Foote  writes : — 

"  I  am  Terv  glad  to  supply  you  with  a  few  selected  stars  out  of  a 
very  large  list  wliich  I  have  examined  with  small  spectroscopes  in 
my  3-inch  telescope.  As  you  are  aware,  I  prefer  the  Zollner  form 
of  spectroscope,  as  I  found  the  McClean  more  difficult  to  focus.  I 
also  found  that  the  McClean  did  not  bring  out  the  solar  type  stars 
so  well  as  the  Zollner. 

"The  stars  which  giie  the  easiest  results  to  a  beginner  are  those 
of  Type  I.,  in  which  the  hjdrogen  lines  are  so  prominent.  In 
SirtHs,  the  hydrogen  lines  at  F  and  tt  (U^  and  H^)  are  easilv 
picked  up,  and  are  rery  broad  and  distinct.    Vega  is  perhaps  evena 
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more  typical  star  of  this  class,  and  I  tliiak  that,  on  the  whole,  the  two 
liydrogen  lines  como  out  still  more  distinctly  than  in  the  mightj' 
Sirius.  Other  easy  star  of  this  class  are  .-1  Wair,  Castor,  Q  Arietis, 
a  Ophiuchi,  the  stars  o !  the  Flouijh  (witli  the  exception  of  a,  and  ij, 
which  are  of  different  types),  and  Regidns.  Stars  of  lesser 
niaKoitude,  such  as  a.  Corona,  are  of  course  more  difficult. 

"  In  stars  of  the  second  or  solar  type,  the  little  instruments  will 
be  able  to  show  that  t)iere  are  many  sub-divisions  of  the  family. 
The  great  Arcfiirus  allows  many  lines,  but  it  is  not  such  an  easy 
spectrum  as  Alde/jaran,  which  gives  one  of  the  fullest  spectra  which 
can  be  seen  with  the  means  at  our  di8])0sal.  In  Pollux  the  lines 
are  finer  and  more  difficult  for  the  beginner,  while  in  Capella  they 
are  more  difficult  still. 

"  Intermediate  between  these  classes  comes  an  easy  and'beautiful 
spectrum — that  of  Proc//on. 

"  Befelgeu.se  is  perhaps  the  easiest  and  best  example  of  the  third 
type ;  just  now  it  is  very  beautiful,  as  the  star  is  so  bi'ight. 
O-  Herculis  is  more  delicately  beautiful,  but  of  course  is  a  little 
more  troublesome  for  the  beginner,  as  it  is  of  considerably  less 
magnitude.  Antares  is  very  fine,  but  owing  to  its  southern 
declination  is  difficult  to  get  free  of  atmosphere.  S  Virpitiis  is 
pretty  beyond  words,  but  is  not  for  beginners.  ^  Pegasi  is  easy 
and  typical. 

"  The  possessor  of  the  small  instruments  should  by  all  means 
look  at  Rigel  and  other  bright  stars  of  the  Orion  type,  but  he  must 
not  be  disappointed  if  he  sees  no  lines  !  neither  will  he  see  much 
in  Spica,  which  is  also  of  this  type ;  nor,  I  am  afraid,  in  o  Cggni, 
which  is  a  standard  spectrum  in  its  way. 

"  He  should  also  look  for  the  bright  C  line  of  hydrogen  in 
y  Cassiopeire ;  I  have  not  yet  seen  it  myself,  but  I  mean  to  ! 

"  A  man  with  these  small  means  must  not  expect  to  see  every- 
thing at  the  first  glance.  The  hand  needs  to  be  trained  as  well  as 
the  eye,  as  there  is  no  driving  clock  to  keep  the  stars  in  the  field, 
but  after  a  little  experience  the  observations  are  of  the  greatest 
possible  interest.*' 


PHOTOGRAPH  OF  THE  NEBULA  ROUND  THE 
STAR  DM.  NO.  980,  ZONE  34^  IN  THE 
CONSTELLATION   AURIGA. 

By  Isaac  Roberts,  d.so.,  f.r.s. 

The  photograph  annexed  delineates  the  region  in  the  sky 
between  R.A.  Sh.  7m.  56s.  and  E.A.  5h.  11m.  53s.,  and  in 
Declination  between  33°  44''2  and  34°  48'0  north.  The 
area,  therefore,  is  3m.  57s.  in  extent  from  following  to 
pn-rfdiiig.  and  1°  3'"8  fi'oni  north  to  south.  Scale — one 
millimi-tre  to  155  seconds  of  arc. 

Co-ordinates  of  the  fiducial  stars  marked  with  dots  for 
the  epoch  1900  :— 

St:i.r  (.)  DM.  No.  978.      Zone  +?A°     R.A.  .5h.    9lii.  ISs.      Doc.  34°  18'-8. 

Mag.  7  8. 
Stjir  {..)  DM.  No.  98.5.      Zone  +:«"      R.A.  .Mi.  lOia.  ms.      Deo.  34"    S'-J. 

Mas;.  9-2. 

The  description  given  of  this  nebula  in  Dr.  Dreyer's 
Index  Cntalogu.e,  No.  405,  with  the  names  of  Schaeberle 
and  Max  Wolf,  is  as  follows  : — Star  G'7  mag.,  with  pretty 
bright,  very  large  nebula. 

The  [ihotograph  was  taken  with  the  20-inch  reflector, 
and  exposure  of  the  plate  during  ninety  minutes  on  the 
14th  January,  1902,  and  the  star  referred  to  in  the 
paragraph  above  is  DM.  No.  980,  zone  34°.  It  is  involved 
in  the  denser  part  of  the  nebulosity  on  the  photo-print 
annexed,  at  30  millimetres  aouth  followinij  the  fiducial 
star  (.),  but  on  the  negative  its  image  is  very  clearly 
shown  in  the  midst  of  the  nebulosity.  This  condition  of 
obscuration  is  unavoidable  on  all  copies  made  from  the 
original  negatives,  when  there  is  both  dense  and  very  faint 
nidmlosify  on  the  same  plate,  becatise  the  faintest  stars, 
the  condensations,  and  structural  details  in  many  of  the 
nebula:!,  though  they  are  visible  on  the  negatives,  cannot 
be  reproduced  on  copies  made  from  them  without  sacrificing 
the  relative  (iroportious  of  the  density  of  the  nebulosity  as 
a  whole,  and  thus  causing  a  less  accurate  perception  of  the 
nebula.    If  we  reduce  the  density  of  parts  of  the  nebulosity. 


when  making  a  copiy,  for  the  purpose  of  showing  more  of 
the  involved  details  of  the  structure,  the  reader  should  be 
informed  of  the  fact  so  that  he  may  not  be  misled  into 
making  erroneous  inferences  when  comparing  photographs 
with  each  other. 

On  referring  to  the  annexed  photograph  it  will  be  seen 
that  the  nebula  is  apparently  placed  in  a  crowded  field  of 
bright  and  faint  stars  in  the  Milky  Way,  but  we  are  not 
warranted  in  assuming  that  the  normal  stars  we  see 
scattered  over  its  surface  are  involved  in  the  nebulositv. 
There  are  many  star-like  condensations  in  the  nebtila  that 
doubtless  are  now  undergoing  the  process  of  development 
into  stars  of  the  normal  type,  which,  after  a  lapse  of 
millions  of  years,  may  form  a  cluster  of  stars  such  as  eye 
observations  and  photographs  have  revealed  to  us  as  existing 
in  various  parts  of  space. 

The  nebula  measures,  ^mit  33^  minutes  of  arc  from 
north  to  south,  and^jGKnutes  iToistfoll&unng  to  preceding 
on  the  nega^Oi^  J'b^e  ai^  eJcipnsions  of  very  faint 
jJSioe,  be jond  the  limit  of  the 
5icpii,,w,i«,  uiiey  are  too  faint  for  copying. 
iu(?Waea.  The  ij^^ma  would  extend  to  75 
minutes  ot"ar^lii  noith  MM^ng  to  sonth preceding  direction, 
andaS^M^^tes  in  ^^Srjollowing  to  north  preceding.  This 
fainr^nebutbsj.tj^*s  of  a  flocculent  character,  with  broad 
tortuous  viiw,  m  it  which  trend  in  diverse  directions. 

The  nebula  is  one  of  a  class  of  which  we  now  possess 
many  photographic  delineations  on  a  scale  sufiiciently 
large  for  measurements  and  for  scientific  investigations, 
which  work  we  are  now  and  for  some  time  past  have  been 
engaged  upon. 


MAN'S   PLACE   IN   THE   UNIVERSE.* 

By   E.   Walter  Maunder,   f.r.a.s. 

Perhaps  the  greatest  drawback  under  which  Science — not 
one  science  alone  but  each  and  all  of  the  sciences  in  turn — 
labours  at  the  present  time  is  the  impatience  of  the  general 
public  to  receive  precise,  definite,  and  striking  results. 
Thus,  for  example,  most  popular  scientific  lecturers  find 
that  their  audiences  look  to  them  to  lead  up  to  some  clear, 
crystallised  conclusion.  It  demands  some  courage,  and 
great  skill,  to  press  home  upon  a  popular  audience  the 
truth  that  just  in  proportion  to  the  advance  of  our 
knowledge  so  is  the  increase  in  the  number  of  the  problems 
which  are  presented  to  us  for  solution.  The  horizon 
recedes  as  we  advance,  and,  more  than  that,  it  widens  at 
the  same  time. 

A  striking  example  of  the  eagerness  with  which  the 
conjecture  of  a  scientific  tnan  wiU  be  caught  up,  if  only  it 
be  sitflicifully  definite  and  far-reaching,  is  afforded  by 
Miidler's  celebrated  suggestion  that  the  sun  with  its 
attendant  planets  niight  lie  travelling  in  a  gigantic  orbit  of 
which  the  focus  might  be  within  the  group  of  the  Pleiades. 
In  how  many  thousands  of  essays,  lectures,  books,  and 
sermons  the  statement  has  apjieared  that  science  has  proved 
that  the  centre  of  attraction  of  the  universe  is  located  in 
Alcyone,  the  chief  of  the  Pleiads, it  would  be  useless  to  guess. 
Contradicted  a  thousand  times,  the  legend  seems  to  have 
lost-  none  of  its  pristine  vigour.  Give  a  fable  a  yard's 
start,  and  Truth  appears  to  be  unable  to  overtake  it  in  less 
than  a  century. 

We  greatlv  fear  that  just  such  another  myth  has  been 
started  on  its  career,  imd  by  one  of  the  most  highly  and 


•  "  Man's  Place  in  the  Universe,  03  indicated  by  the   \ew  Astro- 
nomy," bv  Alfred  Ruasel  Wallace,  d  C.l.,  f.r.s.     Fortnighllg  Seview, 
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most  justly  honoured  of  living  men  of  science.  The 
Fortnightly  Re i-iev  for  March,  1903,  opens  with  an  article, 
at  once  striking  and  attractive,  ou  "  Man's  Place  in  the 
Universe,  as  indicated  bv  the  New  Astronomy,"  by  Alfred 
Russel  Wallace,  d.c.l.,  f.r.s.  The  article  leads  up  to  a 
theological  application  which  it  does  not  lie  within  our 
]>rovince  here  to  discuss ;  it  is  the  astronomical  basis  of 
the  article  alone  with  which  we  are  concerned. 

Dr.  Wallace's  first  thesis  is  that  the  stellar  universe  is 
finite  iu  extent  and  the  stars  finite  in  number.  His  next 
point  is  that  the  proper  motions  of  stars  furnish  the  best 
indication  of  their  distances.  Then  he  argues  that  the 
solar  svstem  is  about  equally  distant  from  all  parts  of  the 
Milky  Way,  and  exactly  in  its  plane.  Then  that  the  sun 
is  one  of  the  central  orbs  of  a  globular  star  cluster,  and 
that  this  star  cluster  occupies  a  nearly  exactly  central 
position  in  the  exact  plane  of  the  Milky  Way.  "  Our  sun 
is  thus  shown  to  occupy  a  position  very  near  to,  if  not 
actually  at  the  centre  of  the  whole  visible  universe,  and 
therefore  in  all  probability  in  the  centre  of  the  whole 
material  universe." 

This  completes  the  first  part  of  Dr.  Wallace's  enquiry  ; 
the  second  part  deals  with  the  earth's  position  in  the  solar 
system  as  regards  its  adaptability  for  organic  life.  Here 
Dr.  Wallace  leaves  strictly  astronomical  questions  and  is 
on  his  own  ground.  His  point  is  that  the  conditions  for 
the  development  of  organic  life  are  far  more  stringent  than 
has  been  generally  recognised.  The  surface  temperature 
of  the  planet  must  remain  stable  within  a  very  limited 
range,  not  for  hundreds  or  thousands  of  years,  but  for 
millions,  perhaps  for  hundreds  of  millions.  The  chief 
favourable  conditions  which  in  their  combination  appear 
to  have  rendered  the  development  of  a  complex  system 
of  organic  life  possible  on  our  earth  are,  its  distance  from 
the  sun  securing  the  equability  of  temperature  just 
mentioned ;  an  atmosphere  of  sufficient  density  ;  broad 
and  deep  oceans,  stirred  into  tides  by  the  action  of  a  large 
satellite ;  and  the  presence  of  deserts  and  volcanoes  for 
the  distribution  of  atmospheric  dust.  The  stringency  of 
these  conditions  appears  to  indicate  that  our  earth  is  the 
only  home  of  organic  life  within  the  solar  system,  and 
Dr."  Wallace  considers  that  suns  near  the  confines  of  the 
stellar  universe  cannot  have  systems  sufficiently  stable  for 
their  planets  to  fulfil  these  conditions  there.  In  his  view, 
therefore,  the  position  of  the  solar  system  in  the  centre  of 
the  material  universe  renders  it  probable  that  here,  and 
here  alone,  has  organic  life  reached  its  full  development. 

It  will  be  seen  that  the  entire  argument  falls  to  the 
iTOund  if  the  first  point,  the  demonstration  that  our 
universe  is  finite,  is  not  complete.  As  Dr.  Wallace  himself 
remarks  :  "  Infinite  space  has  been  well  defined  as  a  circle, 
or  rather  a  sphere  whose  centre  is  everywhere  and  circum- 
ference nowhere,"  and  unless  the  material  universe  can  be 
proved  to  be  finite,  we  certainly  cannot  prove  that  any 
particular  body  occupies  its  centre.  Dr.  Wallace's  argument 
is,  first,  that  the  telescopes  of  greatest  size  have  failed  to 
reveal  to  us  fainter  stars  in  anything  like  the  same 
proportion  which  smaller  telescopes  had  done  ;  as  if  we 
were  looking  right  through  the  stellar  universe,  and  out 
into  the  blackness  of  space  beyond.  This  is  partly 
accounted  for  by  the  fact  that  the  increase  in  aperture  of  a 
refractor  is  necessarily  accompanied  by  an  increase  in 
the  absorption  of  its  object-glass,  and  we  are  approaching 
the  limit  where  the  gain  and  loss  will  be  balanced. 
So  too  with  the  photographic  plate.  For  medium 
luminosities  it  is  perfectly  true  that  an  increase  of 
exposure  will  compensate  for  inferiority  of  light  in  a 
strictly  commensurable  degree ;  but  the  correspondence 
ceases  to  hold  good  when  we  are  dealing  with  very  faint 
lights. 


Dr.  Wallace's  next  argument  is  an  extraordinary  one. 
He  tells  us,  and  quotes  Prof.  Newcomb*  in  his  support, 
that  were  the  stars  infinite  in  number,  then  we  should 
receive  an  infinite  amount  of  light  from  them.  A  reference 
to  what  Prof.  Newcomb  actually  has  written  shows  that 
Dr.  Wallace  has  omitted  two  important  limitations  which 
Prof.  Newcomb  attaches  to  this  conclusion.  It  rests  upon 
the  hypotheses  "  that  light  is  nevei-  lost  in  its  passage  to 
any  distance  however  great,"  and  "  that  every  region  of 
space  of  some  great  but  finite  extent  is.  on  the  average, 
occupied  by  at  least  one  star."  In  short.  Prof.  Newcoinb's 
demonstration  rests  on  the  two  conditions  that  light  must 
come  through  space  to  us  without  any  loss,  and  that  the 
stellar  universe  must,  on  the  whole,  be  uniform  in 
constitution  ;  it  must  not  be  structured.  We  know  that 
neither  of  these  conditions  holds  good.  As  there  are 
bright  bodies  in  space,  so  are  there  dai'k  bodies.  If  the 
first  be  infinite  iu  number,  so  must  also  be  the  second ; 
we  may  almost  say  that  the  infinity  of  the  second  must  be 
of  a  higher  order.  As  Sir  Robert  Ball  recently  put  it, 
"  the  dark  stars  are  incomparably  more  numerous  than 
those  that  we  can  see  .  .  .  and  to  attempt  to  number 
the  stars  of  the  universe  by  those  whose  transitory  bright- 
ness we  can  perceive  would  be  like  estimating  the  number 
of  horseshoes  in  England  by  those  which  are  red  hot." 
The  same  line  of  argument  which  would  infer  that  from 
an  infinity  of  bright  suns  the  background  of  the  sky 
should  shine  as  the  sun  at  noonday,  will  lead  yet  more 
forcibly  to  the  conclusion,  when  the  dark  stars  are  the 
basis  of  the  argument,  that  we  are  shut  in  by  a  veil  which 
no  light  from  an  infinite  distance  can  jjierce.  On  the 
second  point,  that  of  structure,  we  need  only  the  evidence 
of  our  eyes.  The  existence  of  the  Milky  Way  is  proof 
that  our  stellar  system  has  a  strongly  marked  form. 
There  is  no  approach  to  uniformity  of  the  stars  as  to 
direction,  why  should  we  assume  that  there  is  in  distance? 
But  Dr.  Wallace  does  not  see  that  these  two  conditions 
are  vital.  He  writes :  "  Even  if  we  make  an  ample 
allowance  for  the  stoppage  of  light  by  intervening  dark 
bodies,  or  by  cosmic  dust,  or  by  imperfect  transparency  of 
the  ether,  we  should  at  least  receive  quite  as  much  light 
from  them  as  the  sun  gives  us  at  noonday,"  forgetful  that 
the  entire  argument  depends  upon  the  exclusion  of  these 
three  causes  of  absorption. 

The  attempted  demonstration  of  the  finite  nature  of  the 
universe  thus  breaks  down  entirely  ;  it  is  based  upon  a 
careless  reading  of  Prof.  Newcomb's  book.  In  his  next 
point  Dr.  Wallace  again  rests  upon  Prof.  Newcomb,  whilst 
again  ignoring  his  deductions.  He  quotes  : — "  If  we  should 
blot  out  from  the  sky  all  the  stars  having  no  proper 
motion  large  enough  to  be  detected  we  should  find 
remaining  stars  of  all  magnitudes,  but  they  would  be 
scattered  almost  uniformly  over  the  sky,  and  show  no 
tendency  towards  the  Milky  Way."  Prof.  Newcomb's 
words  are  actually  somewhat  difi^ereut.  He  writes,  "  show 
little  or  no  tendency  to  crowd  towards  the  Galaxy,  unless, 
perhaps,  in  the  region  near  19  hrs.  of  E.A.  From  this, 
again,  it  follows  that  the  stars  belonging  to  the  Galaxy  lie 
farther  away  than  those  whose  proper  motions  can  be 
detected."  This  conclusion  of  Prof.  Newcomb's  cannot 
be  disputed,  but  Dr  Wallace  substitutes  for  it  another, 
viz.  :  that  stars  with  measured  proper  motions  constitute 
a  globular  mass,  and  that  we  must  be  situated  very  near 
indeed  to  the  centre  of  this  solar  cluster. 

The  points  upon  which  Dr.  Wallace  lays  stress  as  to 
the  Galaxy,  namely,  that  the  sun  is  situated  in  its  central 
plane,  and  nearly  centrally  with  regard  to  it,  are  indeed 

*  "  The  Stars  :  A  Study  of  the  Universe."  By  Prof.  Simon  Newcomb. 
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matters  of  fact.  But,  on  the  one  hand,  so  far  from  his 
having  led  the  way  in  pointing  out  these  facts,  they  have 
been  fully  considered  by  every  astriinomer  who  has  treated 
of  the  Galaxy  at  all ;  and,  on  the  other  liaud,  he  gives  to  the 
two  facts  a  greater  jsrecisiou  than  he  is  warranted  in  doing. 
The  Gralaxy  marks  out  roughly  a  great  circle  in  the  sky  ;  it 
is  far  too  irregular  an  object  for  anyone  to  be  able  to 
declare  that  its  axis  hes  precisely  along  a  great  circle. 
But  it  is  exceedingly  convenient  to  treat  it  as  if  it  did,  and 
no  error  can  arise  from  such  a  convention  except  when  an 
argument  like  Dr.  Wallace's  is  seriously  based  upon  it. 
But  with  regard  to  our  sun  being  placed  in  its  centre,  the 
estimate  of  the  distance  from  us  of  the  mean  mass  of  the 
Milky  Way  is  roughly  three  hundred  light-years  ;  a 
"  light-year  "  being  the  distance  which  it  takes  Ught  a  year 
to  traverse,  nearly  six  millions  of  millions  of  miles.  Our 
distance  from  Alpha  Centauri  is  a  little  over  four  light- 
years,  so  that  we  have  no  right  to  say  that  we  are  nearer  the 
centre  than  this  twin  sun  of  ours ;  nor  indeed  would  it  be 
safe  to  assert  it  of  any  of  the  stars  whose  parallax  can  be 
considered  really  well-determined.  From  the  nature  of 
the  case,  a  distance  of  over  thirty  light-years  involves  a 
parallax  too  small  for  really  satisfactory  handling,  and  yet 
makes  but  an  inconsiderable  fraction  of  the  diameter  of 
the  ring  of  the  Milky  Way. 

More  than  that,  our  sun  is  itself  travelling  at  a  pace 
sufficient  to  bridge  the  distance  to  Alpha  Centauri  in 
sixty-five  thousand  years,  a  mere  moment  in  oiu'  world's 
complete  life-history.  If  this  pace  has  been  maintained 
in  a  straight  line,  five  million  years  ago  we  were  deep  in 
the  actual  stream  of  the  Milky  Way  ;  five  million  years 
hence  we  shall  have  completely  crossed  the  gulf  which  it 
encircles,  and  again  be  a  member  of  one  of  its  constituent 
groups,  but  on  the  opposite  side.  And  ten  million  years 
are  regarded  by  geologists  and  biologists  as  but  "  a 
trifle  on  account  "  to  meet  their  demands  upon  the  bank 
of  Time. 

The  paragraphs  on  "  The  Earth  as  Adapted  for  Life  " 
are  rather  for  biologists  to  criticise  than  for  astronomers, 
but  the  conclusion  of  the  paper  contains  several  statements 
which  almost  lead  us  to  doubt  whether  we  have  not  been 
mistaken  in  supposing  the  article  to  be  a  serious  one,  and 
whether  it  was  not  intended  as  an  elaborate  skit  on 
astronomical  cosmogonies.  How  else  can  we  regard  the 
statement  that  "  we  can  actually  see  beyond  the  outer 
boundaries"  of  the  material  universe,  "a  limited  universe 
of  matter  and  ether."  To  see  bejoud  the  lumiuiferous 
ether  reminds  one  of  the  inventor  who  discovered  a 
universal  solvent,  but  did  not  know  of  what  to  make  the 
bottle  in  which  to  hold  it,  so  that  the  precious  liquid  was  all 
lost.  Dr.  Wallace  compares  the  stars  of  the  Milky  Way  to 
the  molecules  of  a  gas,  and  suggests  that  "a  certain  pro- 
jwrtion  of  them  would  continually  escape  from  the  attrac- 
tive power  of  their  ueighbuurs,  and  wandering  into  outer 
space  soon  become  dead  and  cold  and  lost  for  ever  to  the 
universe."  The  process,  he  not  obscurely  intimates,  will 
be  continued  indefinitely,  until  this  earth  of  ours,  from 
being  tlie  centre  of  the  universe,  will  become  the  centre  of 
a  space  from  which  the  universe  has  all  departed.  He 
thus  offers  to  our  j)oor  planet  only  the  cold  comfort  which 
Polyphemus  tendered  to  Odysseus,  that  he  should  be  eaten 
last.  Dr.  Wallace  further  intimates  that  "  at  any  con- 
siderable distance  beyond  the  central  portion  of  the  universe 
gravitation  would  vary  in  intensity  in  different  directions," 
and  gravely  suggests  that  this  variation  may  possibly  bo 
detected  by  means  of  the  motions  of  remote  binary  stars. 

To  sum  up,  the  little  in  Dr.  Wallace's  paper  which  can 
fairly  be  said  to  lie  demonstrated  fact  is  anything  but 
new,  and  that  which  is  new.  whether  true  or  not,  is  as 
yet  but   speculation.     His   conclusions  are,  at   the  best. 


premature,  and  lie  in  a  region  which,  from  its  very  nature, 
must  probably  always  be  outside  the  bounds  of  our 
knowledge.  The  Milky  Way,  which  forms  the  chief 
])ortion  of  the  structure  of  that  sidereal  system  in  which 
we  are  placed,  no  doubt  is  finite  in  extent,  and  we  can 
make  certain  statements  with  regard  to  it.  But  we  are 
not  yet  in  a  position  to  say  that  all  of  the  objects  revealed 
to  us  by  the  telescope  are  included  in  that  system  ;  nor 
can  we  legitimately  assert  that  what  is  apparently  true  of 
such  of  it  as  we  can  see  is  absolutely  true  of  the  entire 
material  universe.  Dr.  Wallace's  underlying  error  is, 
indeed,  that  he  has  reasoned  from  the  area  which  we  can 
embrace  with  our  limited  perceptions  to  the  Infinite 
beyond  our  mental  or  intellectual  grasp.  We  are  on  the 
earth,  and  can  only  reason,  only  guess,  from  our  earthly 
experience  of  the  laws,  of  the  materials,  of  the  conditions 
elsewhere.  Our  eyes  have  limited  powers  of  vision,  our 
mental  grasp  is  confined,  our  days  are  but  few  on  the 
earth,  and  our  experience  small ;  all  these  boundaries 
limit  for  us  the  universe,  however  vast  it  may  actually  be, 
and  inevitably  tend  to  make  our  view-point  seem  to  be  the 
centre  of  our  horizon. 


ILtiXtx^. 


[The  Editors  do  not  hold  themselves   responsible    for   the   opinions 
or   statements   of   correspondents.] 

THE   VISIBILITY   OF   THE   CRESCENT   OF 

VENTJS. 

TO   THE   EDITORS    OF   KNOWLEDGE. 

Sirs, — With  regard  to  this  discussion,  perhaps  I 
may  be  allowed  to  quote  from  Sayce,  in  "Fresh  Light 
from  Ancient  Monuments,"  4th  edition,  page  120,  where 
he  says  that  "  Ahaz  had  introduced  into  Judah  the  study 
of  astronomy,  for  which  the  Babylonians  were  renowned, 
and  had  set  up  a  gnomon  0;i'  sundial  in  the  palace  court 
(2  Kings,  sx,  11).  It  is  possible  .that  some  of  the  astro- 
nomical literature  of  Babylonia,  which  has  been  recovered 
from  the  cuneiform  tablets  now  in  the  British  Museum, 
was  introduced  at  the  same  time,  with  its  multitudinous 
observations  and  predictions  of  eclipses,  its  notices  of  the 
appearance  of  comets,  of  the  movements  of  the  planets 
and  fixed  stars,  of  the  phases  of  Venus,  and  even  of  spots 
on  the  sun.  It  is  also  possible  that  the  Assyrian  calendar 
and  the  Assyrian  names  of  the  months  now  fii'st  became 
familiar  to  the  Jews." 

I  have  also  seen  it  stated  that  Layard  found  at  Nineveh 
a  rock  crystal  lens,  which,  however,  in  Dr.  Brewster's 
opinion,  could  only  have  served  as  a  burning  glass. 

4,  East  Broughton  Place,  W.  T.  Mackie. 

Edinburgh. 
llHh  February,  1903. 

[The  oldest  Babylonian  calculations  of  the  moon  and 
the  planets  are  to  my  knowledge  the  Inscriptions  of  the 
eighth  year  of  Cambyses,  which  I  had  published  in  the 
"Babylonian  Inscriiitions  of  Cambyses,"  cp.  "Un  annuaire 
astronomique  Babylonien  traduit  en  partie  en  Grec  par 
Ptolemce,"  par  M."  J.  Oppert,  "Journal  Asiatique."  1890. 
That  system  of  calculation  had  been  variously  improved  by 
different  astronomical  schools  during  the  reign  of  the  Aehae- 
menian  Persian  kings,  the  Seleucides  and  the  .\rsacides, 
down  to  the  first  century  b.c.  These  calculations  are  mainly 
cvclical : — The  Saros  period  for  the  Moon  ;  for  Jupiter  a 
period  of  83  yeai-s,  or  of  83  ±  1 2  years ;  for  Venus  a  period 
of  ei<'ht  rears  ;  for  Mercury  a  period  of  4t>  years ;  for 
Saturn  59  yeprs,  and  for  Mars  a  period  of  32  or  47  years. 
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and  of  47  ±  15,  and  of  47  +  32  years.  The  greater  number 
oi  inscriptions  refer  to  observations  made  in  order  to  verify 
and  correct  these  periods.  There  are  older  observations  of 
the  moon  known  from  Assyria,  but  chiefly  made  for  the 
purpose  of  astrology  and  festival  arrangements.  Up  to 
date  there  is  no  inscription  known  to  me  where  the 
"  phases  of  Venus'"  would  be  given  ;  the  observations  are 
about  Venus  as  the  evening  or  morning  star.  In  a  later 
period  there  were  elaborate  systems  of  calculating  the 
heliacal  rising  and  setting  of  Venus  and  Mercury  and  the 
other  planets,  and  the  author  quoted  by  Mr.  Maclde 
probably  meant  these  heliacal  risings  and  settings  of 
Venus  by  the  expression  "  phases  of  Venus."  Spots  on 
the  sun  are  never  mentioned  in  any  inscriptions,  unless 
the  author  translates  the  word  "cloud"  by  "spot,"  or  has 
misunderstood  the  expression  for  au  eclipse.  The 
crystal  lens,  found  at  Nineveh  by  Sir  Austen  H.  Layard, 
now  preserved  in  the  British  Museum,  is  very  roughly 
made,  and  could,  evidently,  not  be  used  for  any  observation. 
The  names  of  the  Jewish  months  seem  rather  to  be 
derived  from  an  earlier  intercourse  with  Baljylou  than 
from  Assyria,  and  after  the  Babylonian  Exile  the  Baby- 
lonian names  were  in  common  use  amongst  the  Jews. — 
J.  N.  Stkassmaier,  S.J.] 


THE    CROSS    OF    S.    SOPHIA. 

TO   THE    EDITORS    OF    KNOWLEDGE. 

Sirs, — In  the  first  of  M.  Autoniadi's  interesting 
papers  on  S.  Sophia  (Knowledge,  for  February,  1903, 
p.  30),  he  comes  to  the  conclusion  that  a  large  cross  stood 
outside  the  dome,  similar  to  that  on  S.  Paul's  in  London  ; 
but  he  brings  no  evidence  in  support  of  his  contention 
except  the  passage  which  he  quotes  from  Paulus  Silentiarius, 
a  passage  which  has  been  differently  interpreted  by  very 
competent  persons.  I  should  like  to  ask  if  M.  Antoniadi 
can  quote  any  other  instance  in  Greek  literature  where 
eypa,(j>€  is  used  for  anything  except  a  design  on  the  flat, 
whether  by  writing  or  painting,  or  possibly  mosaic.  The 
use  of  i'ypa.^1.  was  certainly  not  caused  by  poetical  neces- 
sities, as  cirMcre  or  eKTia-e  fits  the  hexameter  equally 
weU.  But  the  interpretation  of  the  Sileutiary's  poem  does 
not  depend  here  upon  the  single  word  ;  the  whole  context 
of  the  passage  refers  to  the  magnificent  appearance  of  the 
dome /com  the  inside.  The  poet  compares  the  dome  to  the 
vault  of  heaven,  an  idea  that  would  never  occur  to  anyone 
who  was  thinking  of  the  apjiearance  of  the  outside.  In 
the  age  of  Justinian  the  heavens  were  thought  of  as  a 
great  spherical  vault  seen  from  below,  and  the  top,  the 
Kopv^rj,  is  the  zenith.  At  the  zenith  of  Justinian's  dome, 
on  the  inside  therefore,  above  every  object  in  sight,  above 
the  highest  point  of  the  enclosed  space,  the  great  cross 
was  drawn,  brooding  over  the  worshippers. 

As  to  the  cross  being  the  "  protector  of  the  city,"  surely 
the  Byzantines  were  not  so  foolish  as  to  suppose  that  the 
position  of  the  cross  made  any  difference  to  its  super- 
natural virtue ;  and  if  any  particular  cross  was  to  be 
regarded  as  the  palladium  of  Constantinople,  it  would  be 
not  Justiniaaj's  architectural  ornaments,  but  the  True 
Cross  which  was  kept  inside  the  church  and  exposed  there 
three  days  in  the  year  for  the  veneration  of  the  faithful. 
But,  doubtless,  ipvcriTrroXi-;  merely  expresses  the  general 
belief  that  the  symbol  of  the  Christian  religion  everywhere 
protected  the  city  of  Constantiue. 

My  regretted  friend  Harold  Swainson  is  not  alive  to 
defend  his  translation  of  the  Sil<>otiary's  poem.  I  have 
therefore  written  these  few  lines  to  express  the  opinion 
that  if  M.  Antoniadi  is  to  convince  us  that  Justinian's 
Church  of  S.  Sophia  had  a  cross  on  tiie  outside  of  the 


dome  he  will  need  to  bring  forward  some  other  evidence 
than  the  passage  he  has  quoted  from  Paulus. 

Elterholm,  Cambridge.  ^-  C-  Burkitt. 

[In  wishing  to  deprive  mediaeval  Greek  churches  of 
their  outer  cross,  Mr.  Burkitt  is  assuming  a  gravely 
artificial  position,  whose  defence  is  very  difficult,  if  not 
altogether  impossible  The  "other  evidence"  he  is  asking 
for  is  now  brought  forth  in  my  third  paper,  printed  in  the 
present  number  of  Knowledge,  where  I  show  that,  in 
opposition  to  Mr.  Burkitt's  assertion  that  the  great  cross 
was  drawn  inside,  "  brooding  over  the  worshippers,"  the 
poet  Paulus  describes  at  the  very  place  of  this  would-be 
cross,  the  image  of  Christ  in  a  mosaic  circle.  And  we 
know  that  to  paint  Christ  at  the  crown  of  the  cupola, 
inside,  was  a  recommendation  of  the  Greek  "  Painter's 
Manual."  We  thus  reach  the  irrefutable  general  inference: 
As  there  was  a  cross  somewhere  about  the  dome  of  St. 
Sophia,  and  as  it  was  not  inside,  it  must  necessarily  have 
been  on  the  outside. 

This  focusses  matters,  and  justifies  the  sense  of  figured, 
which  I  gave  to  sypn^s.  The  attempt  to  confine  the 
meaning  of  that  verb  to  writing  and  painting  suggests 
some  lack  of  knowledge  of  Greek,  as,  in  the  first  place, 
ypd<t>eiy  meant  to  scratch,  to  incise,  to  carve,  all  of  which 
meanings  imply,  of  course,  action  in  a  solid.  And,  in 
choosing  the  word  i'ypa^e,  the  poet  ])robably  wanted  to  say 
that  the  cross  was  "  artfully  carved  out "  of  metal.  The  fact 
that  the  context  interesting  us  describes  the  interior  of  the 
dome  is  utilized  by  Mr.  Burkitt  as  a  corroboration  of  his 
views.  But  a  closer  examination  ought  to  show  him  that 
it  really  militates  against  them,  for,  approaching  as  he 
does,  the  crown  of  the  dome  on  the  inside,  the  poet  thought 
he  ought  to  say  a  word  on  the  outer  cross,  and  actually 
does  this  by  selecting  the  proper  adverb,  iitip,  above,  beyond, 
implying  the  change  of  plane  from  inside  to  outside. 

Mr.  Burkitt,  further,  does  not  see  that,  in  placing  his 
mosaic  ci'oss  "  above  the  highest  point  of  the  enclosed 
space,"  he  locates  it  either  in  the  thickness  of  the  brick 
vaulting,  or  even  draws  it  on  the  outside — both  of  which 
conclusions  are,  of  course,  unlikely. 

ifr.  Burkitt's  letter  is  the  product  of  an  error  in  -his 
authority's  translation.  The  poet  places  his  cross  un-sp  Sh 
oKpoTarij;  K0pu4>v(>  literally,  "  but  above  the  most  extreme 
summit,"  whereas  the  late  Mr.  Swainson  inadvertently 
translated  "  and  at  the  highest  point."  giving  to  the 
expression  vvap  Si,  but  above,  the  meaning  and  at,  which.  1 
am  afraid,  it  never  had. 

1903,  March  12.                                  E.  M.  Antoniadi.] 
♦ 

Brittsl)  ^rmtljologtcal  Notes. 

Conducted  by  Harry  F.  Witherbt,  f.z.s.,  m.b.o.u. 

The  Migrations  of  the  Lapwing. — The  following  is 
a  brief  summary  of  Mr.  W.  Eagle  Clarke's  account  of  the 
migratory  movements  of  the  Lapwing  : — ■ 

Generally  it  may  be  said  that  the  movements  of  this 
bird  largely  escape  notice.  Lapwings  do  not  often  approach 
the  light-stations.  They  do  not  seem  to  emigrate  fi'oni 
the  British  Islands  in  autumn  to  any  extent,  but  they 
come  to  winter  with  us  from  the  Continent.  The  most 
marked  movements  of  the  Lapwing  are  connected  with 
the  weather,  and  are  mainly  confined  to  passages  from  the 
north  of  Great  Britain  southwards,  and  from  inland  to  the 
coast  in  winter,  and  vice  versa  in  spring. 

British  Summer  and  Autiimn  Movements.  —  Com- 
mencing exceptionally  in  .Tuly,  but  generally  in  August, 
emigration  from  the  north  of  Scotland  and  the  high 
breeding  grounds  goes  on  gradually  until  the  beginning 
of  November,  when  the  birds  are  mostly  to  be  found  in 
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the  south  of  Engird,  or  in  sheltered  lowlands  near  the 
coast.  During  October  and  November  too  there  is  a 
passage  of  Lapwings  from  Northern  Britain  to  Ireland. 

Autumn  Immigration  from  North- Western  Europe. — 
Arrivals  of  Lajiwings  from  Scandinavia  occur  throughout 
October  and  the  early  part  of  November,  but  in  no  great 
numbers. 

Autumn  Immigration  from  the  East. — The  records, 
although  meagre,  are  sufficient  to  leave  little  doubt  that 
immigrants  from  the  Continent — occasionally  in  consider- 
able numbers  — arrive  on  our  east  coast  by  a  direct  passage 
across  the  southern  waters  of  the  North  Sea.  This  immi- 
gration is  renewed  during  severe  winters  on  the  Continent. 

Autumn  Passage  of  Im.migrants. — -Lapwings,  it  seems, 
do  not  use  our  coasts — as  so  many  other  birds  do  — 
as  a  mere  highway  on  their  passage  north  and  south  to 
other  countries. 

Autumn  E migration  from  Britain.  —  Our  native 
Lapwings  and  the  autumnal  visitors  from  the  Continent 
seem  loth  to  quit  our  shores.  No  Lapwings  have  been 
detected  crossing  the  Channel  before  November,  when  the 
approach  of  winter  constrains  some  of  them  to  seek  more 
genial  climes. 

Winter  Movements  and  Emigration. — These  are  con- 
trolled by,  and  vary  with,  the  climatic  conditions  of  the 
season,  and  their  extent  is  proportional  to  its  severity. 
Heavy  snow  and  severe  frost  cause  great  movements  south- 
wards along  the  coast  and  overland.  Should  such 
conditions  extend  to  the  South  of  England,  much  emigra- 
tion is  embarked  ujjon  for  the  shores  of  Prance.  Devon, 
Cornwall,  and  the  Scilly  Isles,  as  well  as  Ireland,  are  also 
much  resorted  to  during  severe  frosts  and  snowstorms. 
It  is  when  thus  retreating  before  adverse  conditions  that 
the  movements  of  the  Lapwing  become  pronounced  and 
widesjiread,  and,  in  this  respect,  contrast  markedly  with 
the  other  migrations  of  this  species.  On  these  occasions, 
too,  the  bird  chiefly  approaches  the  light-stations.  Com- 
paratively few  perish  by  starvation. 

Spring  Movements  from  British  Winter  to  Summer 
Haunts. — Occasionally  earlier,  but  usually  towards  the 
end  of  February  and  early  in  March,  the  Lapwings 
gradually  return  to  their  breeding  haunts  in  Britain. 

Spring  Immigration  from  Southern  Europe.  —  The 
Lapwings  that  have  left  England  for  the  south  appear  to 
return  across  the  Channel  towards  the  end  of  March. 

Spring  Passage  Northward  and  Emigration  to  Northern 
Europe. — During  March  and  until  mid-April  the  return 
migration  northward  of  the  Lajiwings  proceeds  in  a 
somewhat  leisurely  fashion.  The  emigrants  for  North- 
west Europe  mainly  move  along  the  east  coast.  Those 
that  have  wintered  in  Ireland  generally  depart  from  the 
north-east  coast  and  proceed  in  various  directions  towards 
iScotland.  No  return  passage  in  spring  of  Lapwings 
across  the  south  of  the  North  Sea  to  Central  Eurojx!  has 
been  noticed,  but  as  these  birds  move  by  night,  and  are 
seldom  attracted  by  the  lights,  there  is  great  difficulty  in 
observing  small  movements. 

The  Status  of  the  Ooldfinch  in  Britain  (Zoologist,  January,  1903, 
pp.  23-2()j. — Mr.  J.  A.  HarvielSrown  here  gives  brief  exiracts  from 
various  authors  to  show  the  status  of  tho  Goldfinch  in  many  counties. 
It  is  ])ro|)o8od  to  bring  the  inforniatiim  up  t«  date,  and  to  complete 
it  as  far  as  possible  with  the  eo-ojjeration  of  diiferent  observers. 

Bidioer'.i  Petrel  in  Sussex. —  At  the  February  meeting  of  the 
liritish  Ornithologists'  Club,  Mr.  J.  L.  Bonhoto  recorded  that  a 
specimen  of  this  bii-d  was  ]iicked  up  dead  near  Beachy  Head,  ou 
February  I'rd  last.  1?u1\vim''»  Petrel  breeds  in  the  Canaries  and 
Madeiras,  as  well  as  iu  seme  islands  in  the  Pacific.  It  has  been  known 
to  occur  oidy  once  before  in  (Ireat  Britain,  viz.,  in  Yorkshire  in  1837. 

All  contributions  to  the  column,  either  in  the  wai/  ol'  notes 
or  photogrnplis,  should  be  forwarded  to  Harry  F.  Withkrby, 
at  the  Ofjirr  f)/ Knowledge,  326,  High  Holhorn,  London. 


Astronomical. — A  variable  star,  with  a  period  shorter 
than  that  of  any  variable  previously  known,  has  been  lately 
discovered  in  the  course  of  the  photometric  work  at  Pots- 
dam. The  period  is  4h.  Om.  13s.,  and  the  range  of  varia- 
tion from  mag.  79  to  86.  Changes  of  magnitude  go  on 
continuously  throughout  the  period,  so  that  the  variability 
is  not  of  the  simple  Algol  type.  The  star  is  B.D.4-  56° 
No.  1400,  R.A.  9h.  36m.  44s.,  Decl.-I-  56°  24'-6. 

In  a  discussion  of  his  photographs  of  the  spectrum  of 
the  chromosphere  taken  during  the  eclipse  of  1900,  Mr. 
Evershed  confirms  the  conclusion,  arrived  at  previously  by 
Sir  Norman  Lockyer,  that  the  lines  of  a  metal  which  are 
exceptionally  strong  are   in  most  cases   lines   which  are 
enhanced  in  the  spark  spectrum.     In  explanation  of  the 
predominances  of  these  lines  throughout  the  whole  depth 
of  the  chromosphere,  and  their  relative  absence  from  the 
Fraunhofer    spectrum,    it   is   suggested   that    the   entire 
chromosphere  consists  of  small  eruptions  of  the  nature  of 
metallic  prominences  or  jets  of  highly-heated  gases,  the  ! 
ascending  hot  gases  giving  the  predominant  features  to  / 
the  flash  spectrum,  while  the  Fraunhofer  spectrum  repre-  \ 
sents  the  absorption  of  the  ci)oler  descending  gases  only.      '; 

Dr.  Chree,  of  the  National  Physical  Laboratory,  finds  ', 
that  the  equinoxes  are  the  seasons  at  which  the  amplitude 
of  the  diurnal  inequality  of  terrestrial  magnetism,  when 
considered  absolutely,  is  most  dependent  upon  sunspot 
frequency ;  and  that  winter  is  the  season  when  sunspot 
frequency  is  most  influential  relatively  to  the  total  range. 

Sir  Norman  and  Dr.  Lockyer  findiifrom  a  discussion  of 
prominence  observation^that  the  variations  of  the  general 
terrestrial  magnetic  pnenomena  synchronise  with  the 
occurrence  of  prominences  about  the  solar  equator  (the 
periodicity  of  which  appears  to  agree  very  closely  with 
that  of  the  spots),  while  the  "  great"  magnetic  disturbances 
accompany  the  outburst  of  prominences  in  the  polar  q 
regions  of  the  sun.  This  may  explain  why  magnetic  / 
storms  sometimes  occur  when  no  large  spot  is  visible. — A.F.       ., 

Botanical. — One  of  the  most  remarkable  among 
amphicarpous  plants  is  Cardamine  chenopodifolia,  which 
has  recently  been  the  subject  of  a  paper  by  Dr.  E.  P. 
Wright  in  Notes  from  the  Botanical  School  of  Trinity 
College,  Dublin.  Thi.i  interesting  Crucifer  is  a  native  of 
various  parts  of  South  America,  from  Brazil  to  Argentina 
and  the  Island  of  Juan  Fernandez.  It  produces  an  aerial 
raceme  of  small  flowers,  which  are  succeeded  by  seed-pods 
similar  to  those  of  the  British  C  impatieiwt.  They  are 
usually  many-seeded  and  dehisce  elastically,  scattering 
the  seeds  to  some  distance.  But  in  addition  to  the  aerial 
flowers  and  fruits,  others  are  produced  at  the  base  of  the 
plant.  The  flowers  are  cleistogamous,  extremely  minute, 
without  petals,  and  are  borne  separately  at  the  tip  of  sub- 
terranean peduncles.  The  fruit  is  short  and  thick,  two- 
celled,  and  contains  one  large  seed  in  each  cell.  This  is 
probably  tho  only  amphicarpous  CrucLfer,  but  at  least  two 
other  plants  of  the  order  are  known  which  mature  their 
fruit  underground,  namely,  Morisia  hypogma,  a  native  of 
Corsica  and  Sardinia,  and  Gcococcus  pusillus,  a  miniature 
plant  from  Western  Australia.  The  former  grows  in  the 
Rock  Garden  at  Kew.  The  fruits  in  both  these  develop 
much  in  the  same  way  as  those  of  the  Earth-nut,  Arachis 
hypogx.a.  Amphicarpous  plants  are  found  in  various 
natural  orders,  some  particularly  interesting  ones  being 
discussed  in  a  paper  bv  Dr.  Lindmaii  in  the  Ofversigf  K. 
Vet.-Akad.  Fdrhandl.,   Stockholm,  for  1900. 

Sir  J.  D  Hooker's  biography  of  his  father,  Sir  W.  J. 
Hooker,  appeared  iu  the  December  number  of  the  Annals 
of  Botany,  and  is  worth  perusal  by  the  general  reader  as 
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well  as  by  those  specially  interested  in  botanical  science. 
The  history  of  this  remarkable  man  intimately  concerns 
the  Royal  Botanic  Gardens,  Kew,  of  which  he  was  director 
from  1841  to  1863,  previouslv  having  been  Professor  of 
Botany  in  the  University  of  Grlasgow.  The  extinction  of 
Kew  as  a  botanical  establishment  was  seriously  considered 
at  the  close  of  Mr.  Alton's  term  of  office,  but  narrowly 
escaping  such  a  fate,  the  gardens  soon  rose,  through  Sir 
William  Hooker's  directing  energy,  to  the  foremost 
position  among  the  botanical  iostitutions  of  the  world. 
The  author  of  manv  splendid  works,  his  connection  with 
the  Botanical  Magazine  is  particularly  interesting.  This 
famous  serial  came  into  existence  in  1787,  two  years  after 
the  birth  of  Sir  William  Hooker,  was  continued  through- 
out his  long  life,  which  terminated  in  1865,  bearing  for 
years  on  its  title-pages  his  name  as  editor,  and  in  many 
cases  the  plates  with  his  name  as  artist,  and  is  existing 
still,  controlled  by  another  Hooker,  the  author  of  this 
entertaining  biography. — S.  A.S. 

Entomological. — Conspicuous  in  Prof.  J.  W.  Gregory's 
book  on  the  "  Great  ELft  Valley,"  is  a  coloured  frontispiece 
representing  the  protective  resemblance  of  certain  homop- 
terous  insects  to  a  flower-spike.  The  insects  are  shown 
grouped  on  an  upright  stem,  small  green  individuals  above 
representing  unopened  buds,  and  larger  red  specimens 
below  looking  like  blossoms.  In  a  recent  paper  in  the 
Trans.  Entom.  Society  (1903,  pp.  695-698,  pis.  26-27),  Mr. 
S.  L.  Hinde,  who  has  studied  the  habits  of  these  insects  in 
East  Africa,  states  that  the  green  individuals  are  as  large 
as  the  red,  that  he  has  never  observed  them  on  vertical 
shoots,  but  always  on  horizontal  branches,  and  that  the 
red  and  green  forms  occur  mixed  together.  Nevertheless, 
the  whole  effect  is  strikingly  like  the  inflorescence  of  a 
leguminous  plant  common  in  the  district.  The  larvae, 
which  are  protected  by  long  white  waxy  threads,  do  occur 
in  companies  on  vertical  shoots,  and  present  a  remarkable 
appearance.  The  insect  has  been  identified  as  Flata 
nigrocincta,  Walker. — G.  H.  C. 


Zoological. — In  the  Annals  and  Magazine  of  Natural 
History  for  Decemlier,  Mr.  0.  Thomas  describes  a  new  mole 
(Talpa  roniana)  from  the  neighbourhood  of  Rome.  This 
species  differs  from  both  the  common  mole  and  the  South 
European  Savi's  mole  (T.  caeca)  by  the  much  larger  teeth, 
as  well  as  by  certain  peculiarities  in  the  skull.  Savi's 
mole,  it  may  be  remarked,  differs  from  the  common  species 
in  having  a  membrane  of  the  eyes,  and  lieing  therefoi'e 
truly  blind.  It  is  decidedly  remarkable  that  such  a  distinct 
form  should  so  long  have  escaped  the  notice  of  naturalists. 
A  wood-mouse  collected  by  Mr.  H.  F.  Witherby,  at  an 
elevation  of  over  5000  feet,  near  Sheoul,  in  the  Fars 
district  of  Persia,  has  been  described  by  Mr.  Thomas  in 
the  same  issue  as  a  new  race,  under  the  name  of  Mas 
sylvatieiis  witherbyi.  It  is  characterized  by  the  pure  white 
under-surface,  and  the  small  size  of  the  teeth. 

The  full  text  of  Dr.  W.  G.  Ridewood's  valuable  memoir 
on  the  structure  of  the  gills  of  the  lamellibranch  molluscs, 
the  abstract  of  which  was  noticed  in  these  columns  when 
it  appeared  in  the  Proccedin^js  of  the  Roval  Society,  has 
recently  been  issued  in  the  Philosophical  Transactions. 

Much  difference  of  opinion  obtains  as  to  the  mode  in 
■which  the  more  complicated  cheek-teeth  ha"e  been  evolved 
from  teeth  of  a  simpler  type.  By  some  authorities  it  is 
considered  probable  that  the  primitive  type  was  a  tooth  with 
three  cusps  on  the  crown  arranged  in  the  form  of  a  triangle 
(tritubercular  type).  Others,  on  the  contrary,  favour  the 
idea  that  complex  teeth  have  been  developed  by  the  fusion 
of  two  or  more  teeth  of  a  simple  conical  type.     This  view. 


with  certain  limitations,  receives  support  in  an  illustrated 
article  by  Dr.  H.  W.  M.  Tims,  published  in  the  January 
number  of  the  Journal  of  Anatomy  and  Physioloijy. 

Many  persons  have  probably  been  jjuzzlcd  to  account 
for  the  circumstance  that  while  the  ancestral  wild  cavies 
are  uniformly  greyish  coloured  animals,  the  domesticated 
guinea-pig  is  usually  marked  with  patches  of  black,  orange, 
and  white.  The  explanation  is,  however,  not  far  to  seek. 
As  the  result  of  hybridisation,  what  is  known  as  the  dis- 
sociation of  colours  frequently  takes  place.  For  instance, 
hybrid  mice  may  be  either  black  or  sandy  coloured.  The 
black  bi-eed  is  due  to  the  elimination  (probably  by 
crossing  with  an  albino)  of  the  rufous  element  in  the 
colouring  of  the  typical  grey  coat  ;  while,  conversely, 
sandy  or  fawn-coloured  mice  are  the  result  of  the  elimina- 
tion  of  the  black  constituent  of  the  compound  colour. 
The  various  distinct  colours^  or  patches  of  colour,  in  the 
guinea-pig  have  doubtless  (originated  in  a  similar  manner; 
that  is  to  say,  by  the  breaking-up  of  the  composite  colour 
of  the  coat  of  the  wild  guinea-pig  owing  to  a  cross  with 
an  albino  subject.  Those  desirous  of  further  information 
on  this  subject,  and  like%vise  on  the  fact  that  hybrids 
produce  offspring  of  which  some  resemble  one  of  their 
grandparents  and  some  the  other,  should  consult  an 
article  on  Mendel's  law  of  heredity,  recently  published 
by  the  American  Academy  of  Arts  and  Sciences 

According  to  the  view  of  Dr.  Scharff,  as  expressed  iu  a 
paper  recently  published  in  the  Royal  Irish  Academy's 
Proceedings,  the  "  Atlantis  "  of  Plato  was  a  reality  and 
not  a  myth  ;  Madeira  and  the  Azores  having  been  con- 
nected bv  land  with  the  European  and  African  continents 
so  late  as  the  early  portion  of  the  human  period.  This 
connection  was,  however,  but  the  last  phase  of  a  great 
Atlantic  continent,  which  the  author  believes  at  an  earlier 
epoch  to  have  extended  from  Morocco  (which  was  then 
connected  with  Portugal  i  to  South  America,  reaching  at 
least  as  far  south  as  St  Helena.  The  evidence  in  favour 
of  this  former  extensive  land  connection  has  been  drawn 
from  a  careful  survey  of  the  whole  fauna  of  the  Atlantic 
islands,  which  displays  marked  affinities  with  that  of  the 
Mediterranean  countries  on  the  one  hand  and  that  of 
South  America  on  the  other.  That  a  land  connection 
between  Africa  and  South  America  existed  at  a  relatively 
remote  geological  epoch  is  now  generally  admitted  ;  but 
stronger  evidence  will,  we  think,  be  required  before  the 
theory  that  the  Azores  were  in  connection  with  Portugal 
during  the  human  period  is  accepted.  One  of  the  author's 
arguments  is  based  on  the  circumstance  that  so  far  back 
as  1385  two  of  these  islands  were  named  from  their  being 
inhabited  respectively  by  rabbits  and  goats,  at  a  time 
when  there  were  no  human  denizens  of  the  group.  Hence, 
it  is  urged,  these  animals  were  indigenous,  and  not,  as 
generally  supposed,  introduced. 

Naturalists  will  read  with  interest  a  paper  by  Mr.  E.  T. 
Newton,  in  the  last  number  of  the  Geological  Society's 
Journal,  describing  remains  of  the  elk  recently  discovej^d 
in  the  Thames  valley.  The  author  alludes  in  some  dettiil 
to  previous  finds  of  elk-remains  in  this  country. 

The  total  result  of  last  year's  whaling  and  sealing  by 
British  vessels,  according  to  Mr.  Southwell's  annual 
report  in  the  Zoologist,  w^as  12  right  whales,  652  white 
whales,  118  walrus,  1984  seals,  and  168  bears.  Apart 
from  hides,  these  yielded  212  tuns  of  oil,  worth  ^22  10s. 
per  tun,  and  187'cwt.  of  whalebone,  which  now  sells  at 
=£2500  per  ton.  Some  years  ago  the  price  of  whalebone 
reached  ^£2800  per  ton  ; "  the  reduction  is  probably  due  to 
the  use  of  strips  of  horn  for  many  purposes  where  whale- 
hone  was  formerly  employed,  since  the  supply  of  the  latter 
article  has  certainly  not  increased. 
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The  ideas  geaerally  held  with  regard  to  some  of  thehabits 
of  the  common  mole  have  been  to  a  considerable  extent 
revolutionized  by  observations  made  by  Mr.  L.  E.  Adams  in 
Staffordshire,  the  results  of  which  appear  in  a  recent  issue 
of  the  Memoirii  of  the  Manchester  Literary  and  Philo- 
sophical Society.  The  author  shows  that  the  tunnels  in 
the  "fortress  "  or  nest-hillock  are  in  nowise  constructed 
on  a  definite  plan  with  a  view  to  the  escape  of  their  owner 
when  danger  threatens.  He  even  finds  that  there  is  an 
error  with  regard  to  such  a  .simple  matter  as  the  number 
of  teats  possessed  by  the  female  mole.  The  moral  of  all 
this  is  that  we  must  take  nothing  on  trust  in  zoological 
matters. 

Zoologists,  geologists,  and  geographers  should  alike  find 
much  to  interest  them  in  an  essay  by  Mr.  F.  W.  liarmer 
on  the  history  of  the  changes  which  have  taken  place  in 
East  Anglia  during  the  latter  part  of  the  Tertiary  period. 
The  essay  will  be  found  in  the  Proceedings  of  the  Geolo- 
gists' Association  for  1902. 

Some  very  pertinent  remarks  on  the  subject  of  labels 
in  museums  are  made  by  Mr.  F.  A.  Bather  in  the  Museums' 
Journal.  After  mentioning  the  advisability  of  putting 
popular  names  on  the  labels  of  a  large  number  of  specimens, 
and  certain  difiBcnlties  connected  with  determining  what 
names  to  select,  the  author  alludes  to  the  practice  which 
obtains  in  some  museums  of  adding  an  abbreviation  of 
the  name  of  the  writer  responsible  for  the  scientific 
species-name.  If  authors'  names  are  given  at  all,  they 
should  be  given,  Mr.  Bather  urges,  at  full  length,  as 
otherwise  they  are  absolutely  unintelligible  to  the  general 
public.  But  are  they  necessary  at  all  ? — he  asks  ;  we  think 
not.  It  may  be  added  that  the  conventional  signs  for 
male  and  female  appended  to  the  names  of  animals  in  the 
Zoological  Gardens,  Regent's  Park,  aflibrd  anctl;2r  example 
of  the  use  of  abbreviations  unintelligible  to  the  public. 
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"In  the  Anda.mans  and  Ni(oi!aks  :  the  Narrative  of  a 
Cruise  in  the  ScnooNER  '  Terrapin,'  with  Notices  op 
THE  Islands,  their  Fauna,  Ethnology,  etc."  By  0.  B. 
Kloss.  (John  Murray.)  Pp.  xvi.  +  37.3.  Illustiated.  Price 
'Jls.  net. — Mr.  Kloss  had  the  good  fortune  to  accompany  the 
energetic  and  successful  American  collector.  Dr.  W.  L.  Abbott, 
in  a  cruise  to  the  Andamans  and  Nicobars,  undertaken  for  the 
purpose  of  obtaining  specimens  of  their  mammals  and  birds. 
And  it  must  be  acknowledged  that,  by  the  production  of  the 
volume  before  us,  he  has  taken  full  advantage  of  the  opportunities 
thus  afforded  him  of  adding  considerably  to  our  information 
with  regard  to  these  interesting  islands  and  their  inhabitants. 
In  the  case  of  the  Andamans,  the  author  confesses  indeed  that 
Mr.  Marr's  well-known  volume  on  the  aborigines  has  left  com- 
paratively little  for  other  observers  to  record  with  regard  to  the 
anthropology  and  ethnology  of  these  islands.  But  in  the 
Nicobars  the  state  of  affairs  is  very  different,  and  Mr.  Kloss 
urges  that  much  ethnological  work  still  remains  to  be  done,  and 
that  the  time  is  short  during  which  it  will  be  j)ossiblc  to  do 
this  effectively,  since  the  natives  are  daily  changing  their 
primitive  customs  and  habits.  A  valuable  feature  of  the  work 
before  us  is  to  be  found  in  the  numerous  portraits  of  Andamanese 
and  Nicobarese  with  which  it  is  illustrated.  Mr.  Kloss  divides 
his  work  into  two  parts,  namely,  a  narrative  of  the  crui.se,  and 
a  di.s.sertation  on  the  human  and  other  inhabitants  of  the  islands. 
The.se  two  groups  of  ishmds  present  the  ])oculiarity  that  whereas 
the  Andamans  are  inhabited  by  a  nugro-like  (negrito)  race, 
which  is  porhajis  one  of  the  most  primitive  types  now  left  on 
the  earth,  the  Nicobars  arc  populated  by  tribes  belonging  to  the 
great  Malay  stock.  The  most  primitive  of  the  natives  of  the 
Nicobars  are  undoubtedly  the  Shom-Pen  of  the  interior  of 
(ireat  Nicobar,  who  appear  to  be  remnants  of  the  aborigines 
more  or  less  crossed  with  foreign  (perhajts  Dravidian)  blood. 
The  coast  natives  of  Groat  Nicobar,  as  well  as  the  inhabitants 
of  the  other  islands,  are,  on  the  other  baud,  a  later  importation, 
and  appear  to  have  originated  from  a  mixture  of  the  aborigines 


with  Malays  and  Chinese.  Mr.  Kloss  lays  great  stress  on  the 
difference  between  the  Andaman-Nicobar  mammals  and  tho.se 
of  the  mainland,  commenting  on  the  great  preponderance  of 
bats  and  rodents.  This  difference,  he  thinks,  indicates  that 
these  islands  were  detached  from  the  mainland  before  the  latter 
received  its  present  fauna  ;  and  he  is  further  of  opinion  that 
the  Andamanese  and  Shom-Pen  may  themselves  have  introduced 
some  of  the  mammals,  whose  differences  from  their  relatives  of 
the  mainland  may  have  developed  within  the  period  of  human 
occupation.  The  volume  is  of  the  highest  interest,  both  as  a 
record  of  a  delightful  trip,  and  as  a  mine  of  information  to  the 
zoologist,  the  anthropologist,  and  the  ethnologist. 

"  Mont  Pel6e  and  the  Tragedy,  oe  M-A-RTINIC^ue."  By 
Angelo  Heilpriu.  (Lippincott.)  15s.  net.  Illustrated.— Pi-o- 
fessor  Heilprin  was  one  of  the  earliest  and  most  fearless  investi- 
gators of  Mont  Pelee  after  the  eruption  of  l.ast  May  8th.  He 
arrived  in  Martinique  on  May  2.5th,  ascended  the  mountain  for 
the  first  time  six  days  later,  and  during  a  second  visit  to  the 
island  was  a  spectator,  and  nearly  a  victim,  of  the  eruption  of 
August  30th.  The  work  that  he  has  produced  is  splendidly 
illustrated  by  reproductions  of  numerous  photographs,  and 
written  in  a  style  which,  if  it  occasionally  approaches  that  of  a 
newspaper  correspondent,  is  always  clear  and  interesting.  We 
find  in  it  graphic  accounts  of  a  great  event,  of  the  days  of  pre- 
paration and  neglected  warnings,  and  of  the  resulting  devasta- 
tion of  the  country  ;  and  these  should  be  sufficient  to  secure  for 
the  book  a  wide  approval.  The  author  is  convinced  that  the 
principal  agent  in  the  tornadic  blast  of  August  3rtth,  and 
probably  also  in  those  of  May  8th,  etc.,  was  "  superheated 
exploded  steam,  charged  in  part  with  particles  of  incandescent 
or  glowing  matter  "  ;  and,  in  a  suggestive  chapter  on  Vesuvius 
and  Pompeii,  he  argues  with  considerable  force  that  the  destruc- 
tion of  the  latter  city  may  have  been  caused  by  a  similar 
explosive  blast.  The  whole  subject  of  the  West  Indian  erup- 
tions is  a  very  wide  one,  in  reality  beyond  the  scope  of  a 
single  investigator,  and  it  is  not  therefore  surprising  that 
Prof.  Heilprin  should  be  occasionally  inaccurate.  For  instance, 
some  tremors  recorded  at  Zi-ka-Wei  in  China  are  referred  by 
him  to  vibrations  "  pro|iagated  clean  through  the  centre  of  the 
earth,"  although  no  records  of  them  were  obtained  in  Great 
Britain,  and  the  time  interval  of  nearly  44  hours  was  more  than 
sufficient  for  even  the  long-period  undulations  to  travel  com- 
pletely round  the  globe.  But,  notwithstanding  a  doubtful 
statement  here  and  there  and  a  tendency  to  sensational  writinor 
(e.fi.,  "  the  unfortunate  French  island,  now  writhing  in  the 
coils  of  the  dragon  that  wrought  its  earlier  fabric  "),  Professor 
Heilprin  has  written  a  book  that  can  hardly  fail  to  be  of  per- 
manent value. 

"Modern  Microscopy."  By  M.  I.  Cross  and  Martin  J. 
Cole.  3rd  ed.  ;  pp.  xvi.  and  •29'2.  Illustrated.  (Bailliere, 
Tindall  &  Cox.)  4s.  net. — We  heartily  welcome  the  third 
edition  of  this  now  well-known  work,  which  fills  a  position  of 
its  own  in  modern  microscopical  literature,  and  which  should  be 
in  the  possession  of  every  worker  with  the  microscope.  Though 
modest  in  its  apparent  scope,  it  contains  within  its  co%-ers  an 
exceptional  amount  of  most  valuable  information,  whilst  the 
general  arrangement  and  the  directness  and  lucidity  of  the 
explanations  merit  the  highest  praise.  The  beginner,  and  he 
even  who  is  not  a  beginner,  will  learn  more  from  these  pages 
than  from  more  pretentious  and  costly  volumes,  he  will  find  it 
an  absolutely  trustworthy  guide  to  the  choice  of  his  in.strument, 
wherein  lie  so  many  doubts  and  difficulties,  and  a  careful 
perusal  of  its  pages  will  give  hira  an  insight  into  and  a  com- 
mand over  the  workings  of  the  microscope  which  will  be  of  the 
utmost  value  to  him,  whether  as  an  amateur  or  as  a  serious 
student.  The  book  is  divided  into  three  divisions.  In  the 
first,  J[r.  Cross  takes  the  various  parts  of  the  microscope  in 
their  natural  order  ;  first  the  stand,  its  types,  its  coarse  and 
fine  adjustments,  and  their  respective  merits,  the  stage  and 
sub-stage,  and  the  refinement  which  modern  critical  work  has 
called  forth.  Then  follows  a  chapter  on  optical  coastruction, 
which  is  nothing  if  not  practical,  and  in  which  the  theoretical 
side  is  confined  to  a  series  of  definitions,  some  of  which  might 
possibly  be  extended  with  advantage.  Illumination  and  illu- 
minating apparatus  are  next  dealt  with,  and  we  observe  with 
strong  approbation  not  only  the  stress  laid  upon  the  necessity 
for  using  a  condenser,  but  the  equal  necessity  that  the  corrections 
of  the  condenser  should  approximate  in  perfection  to  those  of 
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the  objectives.  For  advance  in  this  respect,  Mt.  Cross  rightly 
gives  the  credit  to  the  leading  English  manufacturers,  who 
have  throughout  seen  the  futility  of  producing  an  objective 
the  corrections  of  which  make  it  one  of  the  most  perfect  of 
optical  productions,  and  allowing  it  to  be  used  in  a  way  that 
practically  nullifies  the  very  excellencies  for  which  so  much  is 
claimed.  In  the  remaining  chapter  of  this  part  accessories  are 
dealt  with  in  an  equally  satisfactory  manner.  In  the  second 
part  Mr.  Cole  deals  with  the  preparation  and  mounting  of 
objects  as  might  be  anticipated  in  a  mounter  of  his  experience. 
His  tables  are  excellent  in  every  way,  his  instructions  plain  and 
unmistakable,  his  methods  above  criticism.  This  part  of  the 
book  has  a  value  of  its  own  to  all  practical  workers,  and  has 
been  much  extended  in  the  present  edition.  Finally,  a  new 
chapter  on  microtomes,  their  choice,  use,  and  the  preparation 
and  cutting  of  sections,  has  been  contributed  by  Mr.  G.  West, 
of  Edinburgh,  which  is  not  inferior  in  lucidity  to  the  rest  of  the 
book.  In  the  next  edition  we  shall  hope  to  see  a  further 
chapter  on  photo-micrography. 

"  Wh.\t  Star  is  it  ?  Tables  for  Identifyixg  Unknown 
Stars."  By  Herbert  W.  Harvey.  (Spottiswoode.)  Is.  net. — 
This  very  handy  little  volume  is  intended  to  assist  navigators  to 
identify  stars  of  the  second  or  third  magnitude,  the  altitude  of 
which  they  may  have  observed,  and  so  to  avoid  the  discarding 
of  "  sights "  when  the  object  observed  is  not  known  with 
certainty.  It  consists  of  a  set  of  very  neat  and  clearly  printed 
tables,  giving  the  hour  angles  and  declinations  of  celestial 
objects  for  every  five  degrees  of  altitude  from  10°  to  (ib°,  and 
for  every  ten  degrees  of  azimuth.  The  book  makes  an 
extremely  handy  pocket  volume,  and  will  no  doubt  be  very- 
useful  to  many  others  beside  navigators  who  wish  to  be  able  to 
convert  right  ascensions  and  declinations  into  altitudes  and 
azimuths,  or  i-ice  verm,  where  this  only  needs  to  be  done 
approximately. 

"  Open- Air  Stddies  in  Geologv."  By  Prof.  Grenville  A. 
J.  Cole.  Second  Edition.  Revised.  Pp.  .322.  (London  :  Charles 
Griffin  &  Co.)  Illustrated.  8s.  fid. — Professor  Cole  is  so  well 
and  favourably  known  to  readers  of  Knowledge  that  any 
writings  by  his  pen  are  assured  of  a  welcome.  In  a  work  of  the 
kind  under  notice  he  is  at  his  best.  His  style  is  popular 
without  being  childish,  and  accurate  without  being  pedantic  : 
the  result  is  a  volume  which  creates  interest  in  the  physiognomy 
of  the  Earth,  and  forms  the  best  of  introductions  to  the  serious 
study  of  geology.  Open-air  studies  are  essential  in  the  making 
of  a  geologist,  and  it  is  only  after  personal  observation  of 
cliaracteristic  rocks  and  scenes  that  a  student  is  in  a  position  to 
understand  clearly  their  geological  significance.  Every  intelli- 
gent observation  is  of  sterling  value  in  the  store  of  a  person's 
knowledge,  and  only  those  who  have  seen  things  for  themselves 
can  express  an  opinion  upon  them  worth  much  consideration. 
As  Prof.  Cole  remarks,  "  Almost  all  great  progress  in  natural 
knowledge  has  thus  been  made  by  those  who  have  seen  and 
travelled. — by  those,  in  fact,  who  have  studied  in  '  Nature's 
roofless  school."'  His  book  should  be  the  means  of  adding  to 
the  number  of  intelligent  observers  of  the  Earth's  features. 
The  text,  the  illustrations,  and  the  numerous  references  will  all 
help  the  student  to  understand  and  interpret  the  features  of 
Mother  Earth. 
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ST.    SOPHIA,    CONSTANTINOPLE. 

By  E.  M.  Antoniabi,  f.e.a.s. 
Hlvstrated  from    original   drawings    and  photographs   by 
the    Author. 
III. 
The  Intebiob. 
It  is  from  the  north  porch  that  visitors  are  now  admitted 
into  the  mosque.    They  enter  by  the  door  of  the  celebrated 
"  Sweating  Pier,"  which  Messrs.  Lethaby  and  Swainsou 
have  so  ably  identified  with  the  column  of  St.  Gregory  the 
Miracle  Worker,  and  are  then  led  eastwards,  along   the 
north  aisle,  to  the  sanctuary ;  returning  by  the  southern 
division  of  the  church.     It  is  noteworthy  that  this  mode 
of  receiving  tourists  does  not  seem  to  have  been  dictated 
merely  by  the  requirements  of  the  mosque ;  for  to  guide 
visitors  round  "  after  the  sun's  path  "   was  an  old  Greek 
tradition,  to  which  allusion  is  already  made  in  1350  by  the 
Eussian  pilgrim,  Stephen  of  Novgorod.* 

We  shall  not,  however,  adopt  this  course  in  our  descrip- 
tion. Following  the  emperor  on  feast  days,  we  will  enter 
the  church  by  the  Horologion,  on  the  south  side,  when  our 
attention  will  be  at  once  attracted  by  the  "  Beautiful 
Gate  "  of  Constantiae  Porphyrogenitus.  The  eastern 
panel  of  this  door  bears  the  inscription 

MIXAHANIKHTilN  ^ 


or  "  Michael  of   Victors,"  while  the  opposite  panel  was 
believed  by  Messrs.  Curtis  and  Aristarches  to  have  borne 

the  words  

I       ©EO*IAOTKAI        i 


which  would  complete  the  inscription  into  "  Of  Theophilus 
and  Michael  Victors."  Now,  the  fact  that  the  monograms 
of  both  these  emperors  are  also  given  on  the  panels,  lends 
great  weight  to  this  amendment.  On  the  other  hand,  we 
know  that  the  names  of  Theophilus  and  Michael  were 
often  wedded  together  on  public  buildings,  and  Byzantios, 
for  instance,  mentionsf  the  following  inscription  from  the 

*  Societe  de  V  Orient  Latin,  Series  Geogr.,  Vol.  V. 
t  H  Kui'irTaiTii'oiJitoAis,  Vol.  I.,  Athena,  1S57,  p.  104. 
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land  walls  of  Coustantinople  :  Uvpyo's  Oso^iXov  koi  Mi^nriX 
TtitrTuv  IV  KpKTTU)  AiTOKpaTopoov,  or  "  Tower  of  Theophilns 
and  Michael,  eniiierors  faithful  to  Christ." 

As  amended  by  Messrs.  Curtis  and  Aristarches,  the 
inscription  remains,  however,  in  the  jdural  j;?nitive. 
Such  sentences  are  hardly  sensible  in  English  ;  but  in 
Greek  they  are  known  as  forms  of  the  possessive  gsnitive, 
with  eliuiinatioa  of  the  associated  substantive.  That  such 
eliniiuatiou  was  actually  resorted  to  before  the  words 
©EO-tlAOTKAI,  is  anything  but  certain.  It  will  be  seen, 
on  the  contrary — 

(a)  Thai  the  words  added  by  the  authors  in  question 
fill  a  much  smaller  space  than  the  remaining  part  of  the 
inscription,  especially  if  the  conjunction  KAI,  "  and,'"  was, 
as  usual,  abbnjviated  into  a  mere  K  ;  and 

(6)  That  in  the  inscription  of  the  same  emperors,  quoted 
from  Byzantios,  the  plural  possessive  case  is  preceded  by 
an  all-importaut  nominative,  vvpyo^,  "tower." 

The  writer  suggests,  therefore,  that  the  missing  nomina- 
tive in  the  south  porch  of  St.  Sophia  was  IITAH,  "  Gate," 
when,  instead  of  the  elliptical  genitive  "  Of  Theophilus  and 
M  ichael  Victors,"  the  inscription  would  run  in  the 
cartouches 


nTAH0EO*lAOrK 


MIXAHANIKHTON 


or  "  Entrance  of  the  Victorious  [Emperors]  Theophilus 
and  Michael."  The  reason  of  the  absence  of  Theophilus's 
name  from  the  western  panel  is  perhaps  not  difficult  to 
find  out.  By  the  synod  of  842,  Iconoclasm  was  declared 
to  be  a  heresy,  so  that  we  should  hardly  expect  the  name 
of  the  last  Iconoclastic  emperor  to  have  been  tolerated  in 
the  very  entrance  of  Orthodoxy. 

In  addition  to  this  inscription  and  to  the  monograms, 
the  panels  bear  the  date  838  a.d.,  which  may  be  rendered 
instrumental  in  establishing  that  the  south  porch  existed 
already  in  838,  and  that  it  was  probably  erected,  with  the 
four  ascents  to  the  galleries,  by  the  emperor  Theophilus, 
with  a  view  to  buttressing  the  angles  of  the  church. 

Just  before  one  reaches  the  north  exit  of  the  porch,  a 
little  door,  leading  to  a  recess  of  the  eastern  wall,  should 
be  noted ;  for  it  was  here  that  the  emperor  had  his  crown 
removed  on  entering  the  church  in  great  ceremony. 

The  Grand  Vestibule  or  Narthex  of  the  west  front  now 
claims  our  attention.  It  is  shorter  than  the  church  is 
broad,  and  there  is  no  evidence  showing  that  it  was 
originally  larger,  so  that  the  Silentiary's  statement  to  the 
effect  that  it  occupied  the  whole  bi-eadth  of  the  building  is 
a  slii),  the  only  one,  however,  which  it  is  ]>os8ible  to  find 
in  that  wonderfully  accurate  description. 

At  st)me  distance  over  the  lintel  of  the  great  central 
door,  to  the  west,  the  writer  has  been  shown  foiu-  marble 
guns,  which  the  Turks  report  to  have  belonged  to  the  last 
Constantine.  "  They  were  not  always  of  marble,  but  in 
metal ;  having  been  petrified  at  the  fall  of  the  City." 

Like  those  of  the  south  ]ioreh,  the  vaults  of  the  Narthex 
are  still  glittering  with  mosaic,  that  most  powerful  element 
of  decoration.*  The  identity  of  the  fine  image  of  the 
emperor  kneeling  before  Christ,  above  the  Royal  Gate,  is 
not  known.  Antony  of  Novgorod  well  says  that  "  above 
the  door  is  depicted,  on  a  large  ])anel,  the  emperor  Leo  the 
Wise,"  but  whether  allusion  is  here  made  to  this  door,  or 
not,  is  uncertain.     The  medallion  to  the  left  represents 


*  Tn  his  Facts  and  Comments,  Mr.  Herbert  l^pencer  complains  of 
the  nuisaio  litiiiis  of  St.  Paul's  t'alhcdral,  "s  mosaic  is  eonsidercd  by 
him  iiiidoi'  the  licailing  "  Harbai-io  Art."  Now  evcryboily  visiting 
Venice  prel'ers  the  mosaic  decoration  of  St.  Mark's  to  the  wliitowash 
vaults  of  other  Venetian  churches,  so  that  to  depreciate  mosaic 
decoration  is  an  extravagance  most  distinctly  antagonistic  to  the 
artistic  ideas  of  mankind. 


the  Virgin,  the  one  to  the  right  the  Ajchangel  Michael, 
and  not  "  a  winged  Prodomos,"  as  assumed  by  Grelot, 
Byzantios,  and  Canon  Curtis.  During  a  recent  visit  to  St. 
Mark's,  Venice,  the  writer  was  struck  by  a  golden  Greek 
eikoii  of  Michael,' with  the  inscription  MIXAHA,  said  to 
come  from  St.  Sophia,  and  which  is  practically  identical 
to  the  medallion  in  question. 

A  restoration  of  the  Narthex  has  been  undertaken  in 
Fig.  6.     The  appearance  of  the  Vestibule  does  not  seem  to 


Fig.  6.— The    Grand   Vestibule. 

have  been  much  altered  since  Byzantine  times.  No  doubt 
the  number  of  lamps  hung  from  the  vaults  must  have  been 
incomparably  greater  than  shown  in  the  picture,  and  it  is 
also  strongly  to  be  suspected  that  stalls  used  to  stand 
here,  at  least  along  the  western  wall.  It  has  been  thought 
preferable,  however,  not  to  overcrowd  the  view  with  these 
accessories,  so  as  to  avoid  seriously  interfering  with  the 
perspective. 

The  central  Eoyal  Gate  is.  a  symbol  of  Christ,  as  the 
inscription  above  reads  as  follows  : — •'  Our  Lord  hath  said, 
I  am  the  door  of  the  sheo|« ;  by  Me  if  any  man  enter  in, 
he  shall  go  in  and  out,  and  find  pasture."  A  comparison 
of  this  passage  with  St.  John's  Gospel,  ch.  x.,  will  show 
that  we  have  here  no  exact  transcript  from  the  latter,  but 
merely  a  combination  of  paragraphs  7  and  9,  whore  the 
words  "  he  shall  be  saved  "  are  omitted.* 


•  Fig.  7  is  a  photograph  by  the  writer  of  one  of  two  Gospels  coming 
from  St.  Sophia,  a?id  now  kept  in  a  llilner's  safe  at  the  Gi-eek  church 
of  St.  Ocorge.  near  Edirueh  Kapu,  Constjintinople.  The  inside  is  a 
grand  piece  of  penmanship  with  illuniinaled  lettens.  The  photograph 
shows  the  purple  velvet  cover,  on  which  is  lixed  a  noble  crucifix  in 
repoiisf  metjil,  as  well  as  four  discs  representing  the  Evangelists 
symbolically  by  the  beasts  of  the  Apocalypse  {Revelation  it.,  6-7). 
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On  enteriug  from  the  Grand  Gate,  the  first  impression 
is  one  of  vastuess,  as  all  the  wide  and  aerial  expanse  of 
the  vaults  and  the  gorgeousness  of  the  colonnades  is  at 
once  embraced  from  the  door.  But  it  is  espociallj'  from 
the  centre  of  the  west  gallery,  seat  of  the  empress,  that 
the  view  of  the  interior  assnmes  all  its  grandeur.  The 
amazed  observer  is  at  a  loss  as  to  what  to  admire  most : 
the  extreme  beauty  of  the  marble  decoration  ;  the  harmony 
of  the  lines ;  the  constantly  receding  surfaces  of  the 
vaulting,  which  carry  the  supporting  parts  to  remoter 
backgrounds  ;  or  the  subordination  of  all  this  to 
the  crowning  idea  of  symbolizing  the  heavens  by  the 
central  dome,  where  Christ  was  depicted  ruling  the 
universe. 

An  unpretending  attempt  at  a  restoration  of  the  view 
in  question,  giving  a  remote  idea  of  the  structure  as  first 
devised  by  Anthemitis,  will  be  found  in  Plate  I.,  in  the 
February  number  of  Knowledge.  The  polygonal 
building  shown  in  the  foreground,  to  the  left  of  that  Plate, 
and    inspired    by  the  fine    "  Capitello "  of     St.    Mark's, 


KiG.  7. — Cover  of  a  Q-ospel  from  St.  Sophia. 

Venice,  marks  the  month  of  the  cistern  extending  under 
the  church  The  water  in  this  well  is  reported  to  always 
stand  at  the  same  level,  some  two  yards  under  the  tioor. 
There  is  much  to  confirm  the  suspicion  of  Byzantios  that 
a  priest  used  to  stand  here  on  Sundays,  blessing  the  people 
with  holy  water.  Meantime  the  images  of  saints  whose 
name-day  it  was,  ought  also  to  have  been  daily  exposed 
somewhere  in  this  part  of  the  nave. 

Grand  as  the  present  lighting  of  the  mosque  is  at  night 
time  during  the  Rhamazan,  it  can  scarcely  stand  comparison 
to  what  it  was  before  the  Latin  conquest  of  Constantinople. 


The  Jewish  rabbi,  Benjamin  of  Tudela,  who  visited  St. 
Sophia  towards  1171,  after  asserting  that  "there  is  no 
temple  in  the  universe  possessing  so  many  riches  as  this 
one,"  says :  "  In  the  middle  of  the  church  are  columns  of 
gold  and  silver,  and  candelabra  of  the  same  metals  in  so 
great  numbers  that  it  is  impossible  to  count  them."*  It 
was  in  three  successive  circles  that  the  ])olycandela  hung 
over  the  nave.  The  majority  of  the  lamps  had  the  form  of 
the  discs  represented  by  Messrs.  Lethaby  and  Swainson.f 
and  repeated  by  the  writer  in  his  restorations,  while  the 
others  were  shaped  into  huge  crosses.  J  Two  series  of 
openings,  pierced  circlewise  in  the  vault,  mark  the 
suspension  of  the  inner  circles,  while  the  larger  circumfer- 
ence, almost  100  feet  wide,  hung  from  a  multitude  of 
metal  hooks,  which  one  can  still  see  projecting  from  the 
cornice  of  the  dome. 

We  are  informed  by  Agathias  that  the  original  design 
of  the  lateral  arches  was  different  from  what  is  now  seen. 
However,  the  obscure  text  of  the  historian  had  led  astray 
many  a  writer,  so  that  great  credit  is  due  to  Messrs. 
Lethaby  and  Swainson  for  having  been  the  first  to  put 
meaning  to  it,  and  for  showing  what  must  have  been  the 
original  appearance  of  the  north  and  south  walls  of  the 
nave.§  The  writer  considers  the  conclusions  of  these  two 
authors  on  this  point,  as  well  as  on  the  primitive  design  of 
the  row  of  niches  over  the  central  colonnades  of  the 
galleries,  to  constitute  two  very  important  truths  added  to 
our  knowledge  of  the  church.  He  thought,  therefore,  that 
the  best  way  of  doing  full  justice  and  honour  to  Messrs. 
Lethaby  and  Swainson  was  to  utilize  their  discovery  in  his 
restoration,  and  to  cheerfully  acknowledge  the  fact  in  this 
description  of  his  Plate  of  the  interior,  published  in  the 
February  number  of  Knowledge. 

Theophanes  tells  us  that  the  original  dome  was  flatter 
by  20  feet  than  the  present  one,  and  Zonaras  increases  this 
to  25.  To  render  these  data  intelligible,  the  investigator 
should  consider  the  probable  requirements  with  which  the 
architect  must  have  been  confronted.  These  seem  to  have 
been :  — 

(a)  The  desire  of  having  an  "aerial"  dome,  i.e.,  borne 
on  pendentives,  but  not  constituting  their  continuation ; 

(b)  The  advantage  of  a  cornice  at  its  base  for  the  lamp- 
lighter ; 

(c)  The  placing  the  centre  of  the  dome's  curvature  at 
the  height  of  some  important  architectural  feature  of 
the  design ;  and 

(d)  The  necessity  of  giving  the  total  altitude  of  the 
church  a  round  number  of  Byzantine  feet. 

A  continuous  pendentive  cupola  is  most  unlikely,  as  it 
would  be  some  29  feet  flatter  than  the  present  one — a 
value  which  historical  data  contradict — and  also  for  the 
reason  that  it  could  not  satisfy  (a)  and  {b)  of  the  pre- 
ceding reqiurements.  Of  the  two  historians  mentioned, 
Theophanes  is  the  more  trustworthy.  It  will  be  seen  that 
Zonaras  makes  the  height  of  the  building  156  feet ;  but, 
though  his  dome  becomes  parallel  to  the  spherical  surface 
generated  by  the  i)endentives,  the  fact  that  the  cornice  is 
rendered  impossible  is  a  grave  objection  to  the  veracity 
of  his  value.  On  the  contrary,  the  dome  of  Theophanes 
fills  all  the  above  conditions :  it  rests  on  the  pendentives, 
wthout  forming  their  continuation ;  it  leaves  room  for  the 
lamplighter ;  has  its  centre  at  the  level  of  the  culminating 


*  Voi/age  de  Rabbi  Benjamin,  FiU  de  Joiia  de  Tiidele,  transl. 
by  Baratier,  Amsterdam,  1734,  pp.  46-47. 

t  .S-.   So^fiia,  p.  112,  Fig.  16. 

X  TEe  splendid  cross  under  the  west  dome  of  St.  Mark's,  Venice,  is 
of  Greek  workmanship,  and,  moat  probably,  comes  from  St.  Sophia. 

§  S.  Sophia,  pp.  212-214. 


Apbil,  1903.] 


KNOWLEDGE, 


91 


|)oiiit  of  the  eastern  apse ;  and  carries  the  altitude  to 
160  feet — a  round  number,  and  a  multiple  of  the  number 
40,  so  frequently  met  with  in  Byzantine  architecture.  It 
was  evidently  for  the  sake  oi  the  "aerial  "  cupola  and  of 
the  cornice  that  the  idea  of  a  continuous  pendentive  dome 


Fig.  8.— Capital   of   one  of   the  Great  Columns  of   the  Nave, 
with  the  Monogram  of  Justinian. 

was  rejected.  Under  the  existing  circumstances,  however, 
such  aerialty  was  not  to  be  obtained  in  connection  with  a 
flat  dome,  except  at  a  tremendous  cost  of  solidity.  The 
thrust  exerted  by  the  over-daring  cupola  of  Anthemius  on 
the  piers  and  semi-domes  was  so  overwhelming  that  a 
catastrophe  through  failure  of  some  point  of  the  supports 
co\ild  not  long  be  averted. 

It  is  generally  believed  that  Paul  the  Silentiary  does 
not  mention  any  mosaic  images  on  th*'  vaults  in  5tio. 
Such,  however,  is  not  the  writer's  impression.  The  poet's 
description  of  the  dome  has  not  been  preserved  intact ; 
there  is  a  lacuna  in  the  Greek  text  from  verse  80  to 
verse  92,  and,  amid  the  drhris  of  words,  overlooked  by  all 
authors,  we  find  : — 

90.  ......       lyhtOi  xu'kXou 

91.  .  \{n)<f>(S  .        I'l'^piL  (Taiixni 

92.  ii<j>poup  xoVftoio  tTauiri'jp, 
that  is,  in  English  : — 

"  In  a  circle — mosaic — in  order  to  save — always  well 
guard  1'^°}*— tlie  Saviour  of  the  World." 

The  Painter'g  Manual  recommended  to  "  draw  ncai'  the 
summit  of  the  cupola  a  circle  of  different  colours.     .     .     . 


In  the  centre  represent  Christ  with  the  Gospel,  and  this 
inscription  :  '  Jesus  Christ  the  Almighty.' "  And  it  is 
evident  that  the  great  analogy  between  this  description 
and  the  few  remnants  from  the  broken  verses  constitutes 
a  positive  proof  of  the  important  fact  that  the  Pantocrator 
has  adorned,  from  the  very  onset,  that  most  genuine 
representation  of  the  flattened  vault  of  heaven. 
(To   be  concluded.) 


*  The  remnant  ei^itpovp  seemtj  to  be  some  combination  of  afi, 
"  always,"  and  .^povprfio  "  I  guard."  The  adjective,  in  poetic  language, 
is  d«t</>povpo<  or  ati^ptniftifTot,  . 


Conducted  bij  M.  I.  Cross. 

NOTES  ON  THE  COLLECTION,  EXAMINATION  AND 
MOUNTING  OF  MOSSES  AND  LIVERWORTS. 
By  T.  H.  Rdssell. 
(Continued  from  page  IQ.) 
As  far  as  my  acquaintance  with  glycerine  jelly  goes — and  it 
is  one  of  a  good  many  years'  standing— the  great  objection  to 
its  use  arises  from  the  fact  that  after  a  specimen  has  been 
mounted  in  it,  and  has  stood  possibly  for  years,  the  jelly  may 
develop  an  unpleasant  tendency  to  liquefy,  as  will  be  evidenced 
by  the  presence  of  small  beads  of  glycerine  round  the  edge  of 
the  cover-glass.  Moreover,  this  seems  to  come  about  without 
its  being  possible  to  track  the  cause  of  the  mischief.  Eor 
instance,  I  have  slides  which  were  put  up  twenty  years  and  more 
ago,  and  which  have  never  shown  any  signs  of  deterioration, 
while  others,  which  have  lain  side  by  side  with  these,  and  which 
did  not  date  back  nearly  so  far,  have  had  to  be  discarded  as 
failures.  Some  time  ago  I  had  the  misfortune  to  lose  a  large 
portion  of  my  then  small  collection  in  the  above  manner,  and 
since  then  have  constantly  been  on  the  look-out  for  indications 
as  to  how  such  an  occurrence  could  be  avoided  in  the  future. 
While  not  being  able,  so  far,  to  suggest  any  unfailing  remedy, 
I  have  come  to  the  conclusion  that  there  are,  nevertheless,  a 
few  simple  rules  the  careful  observance  of  which  will  consider- 
ably minimise  the  risk  of  such  a  disappointing  experience  aa 
that  to  which  I  have  alluded.     These  are  :  — 

1.  Care  should  be  taken  to  remove  the  preparatory  fluid 
from  the  surface  of  the  object,  as  far  as  possible, 
before  mounting. 

2.  No  pressure  should  be  applied  to  the  cover-glass  iu 
order  to  keep  it  in  position,  its  own  weight  being  alone 
sufficient  for  the  purpose. 

:i.     A   sufficient  quantity  of  the  jelly  should  be  used  to 

.•Uk)W   of    a   small   portion   extending  on   every  side 

beyond  the  edge  of  the  cover -glass. 

4.     The  sUde  should  stiind  for  at  least  two  or  three  months 

before  the  addit  ional  jelly  is  removed  and  the  cell  sealed, 

as  this  ensures  the  duo  contraction  of  the  jelly. 

.5.     The  slides  should  not  be  kept  in  a  draughty  position. 

During  the  past  few  years  I  have  frequently  used  formalin 

in  my  mounts,  and  up  to  quite  lately,  with  what  seemed  to  be 

most    satisfactory     results.      My    modm    operandi    has    been 

as  follows  :    -While  the  shde  is  on  the  hot-water  bath,  with  a 

small  pool  of  melted  jelly  on  it,  ready  to  receive  the  object,  I 

drop  into  the  jelly,  from  the  end  of  a  thin  glass  rod  drawn  to  a 

point,   a   drop   of    4i*   per   cent,   solution   of   formalin  ;    then 

quickly  mix   this  with  the  jelly  by   the  help  of  a  dissecting 

needle,  arr.uige  the  object  and  jilace  the  cover-glass  in  position. 

All  these  latter  stops  have  to  be  carried  out  with  considerable 

expedition,  on  account  of  the  speed  with  which  the  jelly  sets 

when  oticc  the  formidin  is  added.     After  the  slide  has  cooled, 

the  jelly  will  be  found  to  have  solidified  into  a  firm  compact 

mass,  and  whereas  in  an  ordinary  mount  a  moderate  degree  of 

heat  would  suffice  to  re-melt  it.  now  even  soaking  iu  boiling 

water  has  no  such  effect.     The  binocular  dissecting  microscope 
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will  be  found  especially  useful  in  this  process,  as  the  lenses 
form  a  good  screen  for  the  eyes  from  the  otherwise  too  pungent 
fumes  of  the  formalin. 

It  occurred  to  me  that  possibly  the  formalin  might  injuriously 
ailect  the  delicate  cell  structure  of  the  moss  leaves,  but 
experiment  assured  me  that  this  need  not  be  feared,  and  I  began 
to  hope  that  here,  at  least,  was  a  method  of  mounting  that 
would  practically  eliminate  all  serious  risk  of  failure.  My 
dis;ippo!ntment  was  consequently  great  when,  on  going  to  my 
cabinet  a  couple  of  months  ago,  I  found  that  several  of  the 
slides  mounted  with  formalin  had  gone  wrong.  What  puzzles 
me  all  the  more  is  that  slides  in  the  same  drawer,  put  up  some 
with  formalin  and  some  in  the  ordinary  way,  show  no  sign  of 
change.  Thus  slides  of  H>/piium,  Com  inula  turn  and  Amlrcrra 
alpin<i  mounted  five  or  six  years  ago  give  no  indication  whatever 
of  deterioration,  while  others,  completed  fully  twelve  months 
f-ince,  and  which  have  purposelj'  been  allowed  to  stand  in  a  room 
without  a  tire,  are  still  in  a  perfectly  satisfactory  condition. 
Moreover,  in  January,  VM^i,  I  put  a  few  drops  of  the  jelly  on 
a  glass  slide,  and  mixed  with  them  a  little  of  the  formalin 
solution  :  this  slide  has  also  laid  in  a  room  without  a  fire,  and 
the  jelly,  though  unprotected  by  a  cover-glass,  is  still  compact 
and  firm.  The  drawer  containing  the  specimens  in  question 
happens  to  be  the  one  nearest"  to  the  ground,  and  the  cabinet 
stands  in  a  corner  of  my  dining-room  furthest  removed  from  the 
likelihood  of  draught,  but  as  the  door  of  the  cabinet  fits  closely, 
it  is  difficult  to  believe  that  change  of  temperature  constitutes 
the  explanation,  especially  as  the  slides  in  the  drawer  not  far 
above  the  one  in  question  are  unaffected.  I  have  recently  been 
making  still  further  experiments,  though  sufficient  time  has  not 
yet  elapsed  for  any  definite  conclusions  to  be  drawn  from  them  ; 
on  the  whole,  however,  I  am  inclined  to  think  that  too  much 
formalin  was  used  in  the  mounts  referred  to,  and  that  herein 
lies  the  cause  of  their  failure.  Of  late,  therefore,  I  have  dipped 
little  beyond  the  extreme  point  of  the  glass  rod  into  the 
formalin  solution,  thus  transferring  a  much  smaller  quantity  to 
the  jelly  in  the  cell  ;  this  will  not,  of  course,  solidify  the  jelly 
so  thoroughly  as  if  the  larger  quantity  were  used,  but,  on  the 
other  hand,  it  will  not  have  the  same  contractive  power. 

In  concluding  these  notes,  let  me  again  emphasise  what  I  said 
at  the  outset,  namely  that  they  have  been  written  in  the  hope 
that  others  may  thereby  be  induced  to  give  the  results  of  their 
experiments  in  the  matters  of  which  they  treat,  a  remark  which 
specially  applies  to  the  somewhat  full  detaOs  given  with  regard 
to  the  use  of  formalin.  I  am  well  aware  that  much  that  they 
contain  will  certainly  not  be  fresh  to  many  workers,  yet 
possibly  for  some  who  have  not  long  taken  up  the  study,  there 
may  be  in  them  a  few  practical  hints  which  will  be  of  service. 


THE    MOUTH    PARTS    OF    THE    TSETSE    FLY. 
By  W.  Wesch£,  p.r.m.s. 

It  cannot  be  denied  that  it  would  be  difficult,  if  not  impossible, 
to  find  a  more  destructive  instrument  than  the  proboscis  of  the 
Tsetse  fly  {Glos^ina).  Yearly  it  causes  the  death  of  large  num- 
bers of  horses  and  cattle,  and  whole  districts,  one  might  say 
whole  provinces,  are  depopulated  on  account  of  its  presence. 
Yet  the  part  itself  is  innocent  and  interesting  ;  were  it  not 
for  the  parasitic  habits  of  certain  lowly  organisms  it  would  be 
quite  innocuous.  We  see  this  clearly  enough  when  we  examine 
our  English  relatives  of  the  Tsetse  fly,  Stotnoxi/s  calcitrans, 
Hamatobia   atimulans,  H.  irritans  and  Prosena  sybarita. 

Apart  from  its  character  as  an  organ  of  destruction  the 
proboscis  of  Tsetse  has  interest ;  we  can  trace  its  development 
through  several  stages  back  to  a  trophi  similar  to  that  on  our  com- 
mon larger  house  fly.  In  its  case,  as  in  all,  the  rule  of  the  French 
navant  Savigni  holds  good,  "  the  organ  is  the  same  in  all  insects, 
it  is  only  the  use  that  is  clianged  or  modified."  By  examination 
of  the  structures  and  parts  in  many  species  it  appears  that  Tsetse 
as  a  species  is  a  comparatively  recent  addition  to  our  fauna, 
which  has  developed  a  peculiar  mouth  part  for  a  special  purpose. 
In  our  larger  house  fly  {Musca  dumextica)  the  proboscis  is  a 
suctorial  organ,  with  the  ordinary  characters  of  such  a  mouth 
part  as  found  in  Di|)tera,  that  is  to  say,  the  outer  and  inner  jaws 
(the  mandibles  and  maxillae)  which  we  find  in  the  gnats 
(Culicidie).  the  breeze  flies  (Tabanidae),  and  other  biting  insects, 
have  been  absorbed  into  the  lower  lip  (luhiumj,  and  now  act  as 
stiffemng  rods  and  levers   to  support  the   two  suctorial  discs 


(para(]lossm)  at  the  extremity  of  the  lower  lip.  The  discs  or 
labella  are  fitted  with  symmetrical  rows  of  tracha;,  or  tubes 
formed  of  chitinous  rings. 

The  lower  lip  has  on  its  under  or  ventral  surface  a  chitinous 
place  (the  mentum)  which  forms  a  support.  Above  the  lower 
lip  is  the  labi-iim  or  upper  lip,  which  has,  however,  its  base 
enveloped  by  the  membrane  of  the  lower  lip.  The  upper  lip 
in  Diptera  is  a  horny  lancet  case,  which  covers  a  lancet  (the 
hi/j>o/>Iiari/)ix),  which  corresponds  with  the  linr/ua  or  tongue. 

The  upper  lip  is  furnished  with  two  feeling  organs  (the /«i/a/ 
palpi).  Till  latel}'  these  were  thought  to  belong  to  the  inner 
pair  of  jaws  {maxillif),  but  the  discovery  of  complete  palpi  on 
many  species  enables  me  to  say  with  certainty  that  these  are 
labial,  or  belonging  to  the  lower  lij). 

(  To  be  coiitinueil.) 

MONOCHROMATIC    LIGHT  (Continued). 

Beyond  this,  and  of  greater  importance,  is  the  equivalent 
effect  which  can  he  secured  with  a  good  achromatic  lens — equal, 
in  fact,  to  that  with  an  apochromatic.  All  residual  colour  in 
the  lens  is  absorbed  by  the  one  colour  of  the  light  filter,  so  that 
the  great  difference  between  the  chromatic  and  apochromatic 
sy.stems,  namely,  the  outstanding  secondary  spectrum,  is  thereby 
abolished. 

If  all  the  colours  of  the  spectrum  are  used  in  their  proper 
succession  to  illuminate  a  given  object,  it  will  probably  be  found 
that  a  re-focussing  is  necessary  for  many  of  them,  the  greatest 
amount  of  variation  being  noticeable  usually  at  the  two  ends  of 
the  spectrum. 

Jlr.  Xelfon  some  years  ago  prepared  a  series  of  charts  in 
which  this  subject  was  exemplified  with  a  varietj'of  lenses.  In 
every  lens  the  point  of  least  chromatic  aberration  is  indicated  by 
the  focal  point  remainiug  practically  the  .same  for  a  continuous 
range  of  colour  rays.  This  same  point  will  be  the  one  of  least 
spherical  aberration  also  if  the  optician  has  done  his  best.  If, 
now,  a  colour  screen  is  selected  which  approximates  to  the  mean 
of  the  portion  of  the  spectrum  which  exhibits  the  least  difference 
of  focus,  and  therefore  the  smallest  amount  of  spherical  aberra- 
tion, the  best  result  would  be  obtained  with  the  objective. 

Before  giving  formuhc  for  making  fluid  monochromatic  light 
screens,  the  method  adopted  by  Dr.  Spitta  for  obtaining  his 
monochromatic  light,  as  exhibited  at  the  Royal  Microscopical 
Society  recently,  may  be  of  interest.  The  following  was  the 
system  used  in  the  order  of  arrangement  : — 

1.  Oxy-hydrogen  limelight  ; 

2.  A   condenser   composed   of    two    i>lano-convex    lenses, 

liaving  placed  between  them  a  water  bath  : 
:l     A  slit  ; 

4.  An  achromatic  coUimating  lens  of  about  6"  focus,  com- 
posed of  a  double  convex  and  plano-concave  lenses 
cemented  ; 

5.  A  prism,  having  mounted  on  one  of  its  faces  Thorpe's 
grating,  so  arranged  as  to  obtain  direct  vision  for  the 
F  line  ; 

G.  A  concave  lens  immediately  behind  a  substage  con- 
denser, the  object  of  which  is  to  render  the  rays 
divergent,  so  as  to  suit  the  flame  distance  for  which 
the  substage  condenser  is  corrected  ; 

7.     A  holoscopic  oil-immersion  condenser. 

Fluid  Screens. — One  of  the  most  useful  screens  is  that 
which  is  known  as  "  Giffoid's,''  and  is  made  by  dissolving  a  few 
crystals  of  malachite  green  in  gljcerine.  The  solution  is 
examined  spectroscopically  with  the  illuminant  that  is  to  be 
employed,  and  green  is  slowly  added  until  the  red  end  of  the 
spectrum  is  entirely  absorbed.  It  should  be  noted  that  a  piece 
of  signal  green  glass  in  conjunction  with  this  solution  materially 
reduces  the  thickness  of  the  trough  that  would  otherwise  be 
required.  (To  be  rontinued.) 

'^THE  JOURNAL  OF  APPLIED  MICROSCOPY  AND 
LABORATORY    METHODS." 

For  five  years  past  there  has  been  published  at  Rochester,  New 
York,  U.S.A.,  a  journal  with  the  above  title.  -^s  this  title 
implies,  it  is  essentially  technical  and  ])ractical. 

I  have  before  me  a  bound  volume  for  the  year  1902,  and  the 
ground  covered  by  the  various  articles  is  very  wide  and  full  of 
interest  for  microscopists. 
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The  future  of  microscopy  is  not  dependent  on  the  amateur 
who  only  examines  ready-pnpared  micro  slides,  but  on  him  who 
practises  known  methods  and  endeavours  of  his  own  initiative 
to  find  better  ones.     To  such  this  journal  in  particular  appeals. 


NOTES  AND  QUERIES. 
J.  H.  (rar/iar.  —  l  have  not  heard  of  an  English  edition  of 
Lilljeborg's  "  Cladocera  succiae,"  and  it  seems  unlikely  that 
such  a  work  will  ever  be  issued.  I  may  mention,  however,  that 
at  the  meeting  of  the  (Juekett  Microsco]iical  Club  on  January 
16th,  Mr.  Scourfield  brought  forward  the  first  part  of  a  synopsis 
of  the  British  species  of  fresh-water  Entomostraca,  in  which  he 
dealt  with  the  Cladocera,  taking  Lilljeborg's  book  as  the  work 
of  reference,  both  for  descriptions  and  figures  of  the  large 
majority  of  our  species.  It  seems  probable,  therefore,  that  the 
"  Cladocera  succiae "  will  become  an  indispensable  book  for 
British  students  of  these  interesting  animals,  and  I  certainly 
have  no  hesitation  in  recommending  it  in  spite  of  its  being 
written  in  Latin  and  German,  and  being  somewhat  expensive. 
After  all,  we  in  this  country  ought  to  be  thankful  that  the 
veteran  Upsala  professor  did  not  write  his  great  work  in 
Swedish. 

A.  W.  Cumber  (Iiiilia). — It  is  impossible  to  advise  you  as  to  a 
course  of  study  which  you  could  pursue  on  jiarallel  lines  with 
your  professional  work  without  knowing  the  direction  in  which 
your  tastes  and  inclinations  lie.  You  would  find  metallurgical 
work,  that  is.  the  study  of  the  composition  and  surface  of 
metals,  exceedingly  interesting,  and  probably  the  best  book  on 
the  subject  is  Hiorn's,  entitled  '•  Metallography."  Or  perhaps 
geological  and  petrological  work  would  prove  suitable.  You 
would  find  a  very  large  and  entertaining  field  in  either 
department. 

Ro<ier. — The  fractions  of  an  inch  by  which  objectives  are 
designated  express  approximately  the  magnifying  power  or 
equivalent  focus,  and  not  the  distance  at  which  they  focus  from 
the  object.  The  equivalent  focus  of  an  objective  divided  into 
10  gives  its  magnifying  power,  thus  a  2  inch  should  magnify  .5, 
a  ^  inch  40,  ^nd  ^  inch,  80  diameters.  The  troubles  you  refer 
to  in  connecting  with  your  mounting  are  such  as  all  tyros  have 
to  face,  practice  alone  will  make  you  expert.  If  you  cannot 
obtain  guidance  from  the  books  you  refer  to,  it  would  be 
impossible  to  give  it  in  a  short  answer.  The  assistance  of  a 
microscopical  friend  would  probably  clear  the  way. 

J.  G.  Leii/h. — Probably  the  book  that  would  suit  you  would 
be  Wood's  "  Common  Objects  of  the  Microscope,"  costing  Is.  ; 
or  Cooke's  "  One  Thousand  Objects  for  the  Microscope,"  i)rice 
2s.  6d. 

Communications  and  enquiries  on  Microscopical  matters  are 
cordially  invited,  and  should  be  addressed  to  M.  I.  Ckoss, 
Knowledge  Office,  326,  High  Holborn,  W.C. 


NOTES   ON    COMETS   AND    METEORS. 

By  W.  F.  Dennino,  f.b.a.s. 

Pkrhink's  Comet  (1902  b). — This  object  has  now  passed  beyond 

the  range  of  ordinary  instrumonts,  though   it  may  possibly  bo  still 

visible  in  some  of  the  largest  telescopes.     Mr.   F.    H.   Seiires,   of  the 

Law's  Observatoi'v,  Mis80iu"i,  has  computed  the  following  elements  : — 

PP.  1902,  November  23-90094,  Berlin  M.T. 

o)     l,?-l       i     34-4 
a      49     20     110 
i     156     20     5G-1 
log.  q.  9  612596 
log.  e.  9  ■999709. 
The  form  of  orbit  shows  a  scai-cely  perceptible  deviation  from  that 
of  a  parabola 

GiACOBiNi's  Comet  (1902  i>). — This  distant  and  apparently  very 
small  comet  continues  vifible  in  a  good  telescope,  but  its  light  is 
gradually  declining,  and  it  will  soon  withdraw  from  view.  At  the 
close  of  April  it  will  pass  near  the  bright  star  Castor  (a  Geminorum), 
but  the  comet  will  be  rather  a  dillicidt  object  at  about  this  period 
in  telescopes  of  moderate  size,  and  will  have  to  be  swept  for  very 
carefully. 


GiACOBiyi's  Comet  (1903  a). — This  comet  is  considerably  brighter 
than  when  first  discovered  on  January  15,  but  its  position  is  too  near 
to  the  sun  for  it  to  be  well  seen. 

Meteoric  phenomena  have  recently  been  reported  as  follows  : — 

February  2, 4  a.m. — A  large  detonating  meteor  burst  over  a  point 
about  2  miles  south  of  Anderson,  California,  and  is  described  in  the 
Daily  Telegraph.  The  roar  which  accompanied  the  passage  of  the 
fireball  startled  the  townspeople,  who  ran  into  the  street  for  safety, 
thinking  that  the  vibrations  were  due  to  an  earthquake.  Some  of 
the  buildings  were  damaged. 

February  2,  6h.  20m.  p.m. — Commander  Neate,  R.X. ,  writes  from 
Dover  that  he  observed  a  meteor  brighter  than  Venus  moving  from 
near  the  Polar  Star  to  J  Crsa  Majoris.  The  apparition  suggested  to 
his  mind  "a  brilliant  jewel  at  the  end  of  a  long  chain."  Duration 
l{r  seconds. 

February  4,  7h.  7m.  a.m. — Large  and  brilliant  meteor  seen  in  the 
west  from  Yalding,  Kent,  by  Mr.  W.  .larvis. 

February  12,  6h.  .54m.  p.m. — Meteor  equal  in  lustre  to  Jupiter, 
seen  at  Liverpool  and  moving  horizontally  at  an  altitude  of  about 
30  degrees  in  a  northerly  direction.  Alpha  Cygni  was  just  below 
and  midway  in  its  course,  which  occupied  about  5  seconds. 

Recently  in  Cape  Colony  (date  not  given),  "  at  10  p.m.  a  sudden 
rumbling  and  hissing  noise  was  heard,  and  a  tremendous  ball  of  fire 
was  seen  falling  towards  the  earth,  its  velocity  being  so  great  that  it 
gave  the  appearance  of  a  burning  gash  in  the  sky.  As  it  reached  the 
ground  several  explosions  took  place,  and  next  day  a  large  black  stone 
was  extracted  from  a  hole  2  feet  deep  and  2  feet  wide,  which  the  body 
had  made." 

February  17,  9h.  45m. — Brilliant  meteor,  giving  as  much  light  as 
the  moon  in  her  first  quarter,  seen  at  Beckley,  Sussex,  by  Mr.  R. 
Forbes  Bentley,  but  trees  hid  the  latter  part  of  the  flight.  Observed 
path  from  172J°  +  20°  to  195°  +  15°.     Duration  about  2  seconds. 

February  22. — At  Ramsay,  Isle  of  Man.  there  was  a  very  severe 
gale  during  wlueh  a  huge  fiery  meteor  passed  over  the  town  lighting 
up  everything  like  day. 

February  26,  7h.  45m  — A  large  white  meteor  observed  at  Hammer- 
smith, W.,  by  Mr.  E.  Delessert.  Its  course  carried  it  overhead  in  a 
direction  from  S.E.  to  N.W.,  and  its  approximate  flight  of  100 
degrees  occupied  3  to  4  seconds. 

Apkil  Lteids. — This  shower  should  be  carefully  looked  for  on 
April  21  and  22,  though  it  seldom  furnishes  a  rich  display.  This 
year  there  will  he  very  little  interference  from  moonlight,  so  that 
with  clear  skies  the  meteors  ought  to  be  favourably  observed.  Their 
radiant  pomt,  like  that  of  the  July-August  Perseids,  exhibits  motion 
to  the  eastwards,  and  as  it  is  essential  to  obtain  more  evidence  on  this 
point,  any  earlier  and  later  members  of  the  stream  (appearmg  on 
April  17-19  and  23-25  respectively),  should  they  be  presented,  will 
deserve  special  notice,  and  their  apparent  paths  aTnongst  the  stars 
if  registered  with  the  gi'eatest  possible  accuracy  will  be  very  valuable. 

Mat  Aqparids. — At  the  end  of  April  and  opening  of  May  it  will 
be  necessary  to  watch  the  eastern  quarter  of  the  firmament  for  the 
long-pathed,  streak-leaving  Aquarids  first  seen  by  Lieut.-Colonel 
Tupman  in  1870.  The  radiant  point  of  this  shower  has  never  been 
fully  ascertained,  and  it  is  hoped  that  a  large  amount  of  new  data 
will  be  obtained  during  the  ensuing  few  years. 


THE   FACE   OF   THE   SKY   FOR    APRIL. 

By  W.  Shackleton,  f.r  a.s. 

The  Sun. — On  the  1st  the  sun  rises  at  5.41  and  sets  at 
ti.2il ;  on  the  3Uth  he  rises  at  4.39  and  sets  at  7.17. 

The  equation  of  time  is  negligible  on  the  I6th,  this  day 
therefore  is  favourable  for  the  checking  or  adjustment  of 
sun-dials  l>y  comparison  with  civil  time,  since  only  the 
correction  for  longitude  need  be  taken  into  account.  Sun- 
spots  are  now  oi  more  freijuent  occurrence,  and  of  late  two 
or  more  spots  have  been  visible  at  one  time. 


The  Moon 

:  — 

April     .5 
„     12 
„     lil 

..     27 

Phases. 
5    First  Quarter 
O  Full  Moon 
([    Last  Quarter 
#  New  Moon 

H.    M. 

1    51    A.M. 

0  18   A.M. 

9  30  P.M. 

1  31    P.M. 

The  moon  is  in  perigee  on  the  5th,  and   in  apogee  on 
the  19tli. 
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OccuLTATiONs.— The  jirincipal   occultations   visible   at 
Greenwich  are  as  follows  : — 
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There  is  a  very  favourable  eclipse  of  the  moon  on  the  11th, 
when  the  moon  is  nearly  totally  eclipsed.  The  diagram,  pro- 
jected iu  the  manner  described  in  Knowledge,  October, 
1902,  shows  the  path  of  the  moon  through  the  earth's  shadow. 


Diagram  showing  Path  of  Moon  through  Earth's  Shadow. 
The  following  are  the  particulars  of  the  eclipse  : — ■ 


First  contact  with  the  Penumbi'a 
First  contact  with  the  Shadow 
Middle  of  the  Eclipse 
Last  contact  with  the  Shadow     ... 
Last  contact  with  the  Penumbra 


April  11,     9  28  r.M. 

„  11,  10  34  P.M. 

„  12,     0  13  A.M. 

„  12,     1  52  A.M. 

„  12,     2  58  A.M. 


Magnitude  of  Echpse  (Moon's  diameter  =  1)  0-973. 

The  Planets.— Mercury  is  uuobservable  during  the 
former  part  of  the  month,  being  in  superior  conjunction 
with  the  sun  on  the  I3th.  Towards  the  end  of  the  month, 
however,  he  is  becoming  well  situated  for  observation,  as 
he  sets  nearly  two  hours  after  the  sun. 

Venus  is  now  the  most  brilliant  object  in  the  western 
sky,  and  shortly  after  sunset  cannot  fail  to  attract  attention. 
On  the  1st  she  sets  at  9.17  p  m.,  and  on  the  30th  about 
10.45  P.M.,  or  nearly  3|  hours  after  the  sun.  The  apparent 
diameter  of  the  planet  is  now  12""6,  and  the  disc  presents 
a  fairlv  gibbous  appearance,  the  illuminated  portion  being 
0-8  of  the  whole. 

Mars  is  now  available  for  observation  throughout  the 
night.  On  the  15th  he  is  on  the  meridian  at  10.36  p.m., 
preceding  Spiea  by  about  an  hour.  He  is  describing  a 
retrograde  path  not  far  from  y  Virginis.  The  apparent 
diameter  of  the  planet  is  l-i"-6,  whilst  0985  of  his  disc  is 
illumiuated.  The  north  polar  cap  of  the  planet  is  presented 
towards  us.  At  7  p.m.  on  the  10th  the  moon  ^vill  be  near 
to  Mars,  the  planet  being  about  4°  to  the  north. 

Jupiter,  Saturn,  and  Uranus  are  all  practically  out  of 
range,  rising  in  the  early  morning  about  4,  S,  and  1  a.m. 
respectively ;  the  latter  two  are  also  exceptionally  low 
down  in  the  sky. 

Neptune  is  observable  in  the  evening,  and  is  situated  in 
Gemini ;  he  is  close  to  ij  Geminorum,  being  only  4  minutes 
west  and  10'  south  of  that  star. 


The  Starr. — About  the  middle  of  the  month  at  9  p.m. 
the  positions  of  the  principal  constellations  are  as  follow  : — 

Zenith     .     Ursa  Major. 

North  .  Polaris  ;  to  the  right,  Ursa  Minor  and  Draco; 
to  the  left,  Cassiopeiffi  and  Perseus  ;  below, 
Cepheus  and  Cygnus. 

South  .  Leo  and  Hydra  ;  to  the  south-east,  Virgo  ;  to 
the  south-west,  Gemini  (high  up),  Procijon 
and  Sirius  (setting). 

West  .  Taurus,  Pleiades  and  Orion,  all  rather  low 
down. 

East         .     Arctttrus,  Corona,  and  Hercules  ;  to  the  north- 
east, Vega  rising. 
Minima  of  Algol  occur  on  the  6th  at  10.11  p.m.,  and 

9th  at  7  P.M. 


Cijess  Column. 

By    C.    D.    LococK,    b.a. 

Communications  for  this  column  should  be  addressed 
to  C.  D.  LococK,  Netherfield,  Camberley,  and  be  posted 
by  the  10th  of  each  month. 


Solutions  of  March  Problems — (By  J.  C.  Candy). 

No.  1. 

1.  B  to  Kt6,  and  mates  next  move. 

[Several  solvers  appear  to  have  overlooked  the  fact  that 

the  Black  Bishop  defends  the  QBP.      Hence,  other  moves 

with  the  Bishop  are  unavailing.] 

No.  2. 
1.  R  to  Kt3,  and  mates  next  move. 

Solutions  received  from  "Alpha,"  0,  2 ;  W.  Nash,  2,  2  ; 
6.  A.  Forde  (Capt.),  0,  2 ;  W.  Jay,  2,  2 ;  "  Looker-on," 
2.2;  A.  H.  H.  (Croydon),  2,  2 ;  W.  H.  S.  M.,  2.  2; 
G.  W.  Middleton,  2,2;  "  Tamen,"  2,  2  ;  "  Quidam,"  2,  2 ; 
J.  W.  Dixon,  2,  2  ;  C.  Johnston,  2,  2  ;  H.  F.  Cidmer,  0,  2 ; 
G.  P.  Burns,  2,  0. 

W.  Geary. — Very  many  thanks.  Two  of  them  will 
appear  next  month,  and  the  remainder  during  the  summer. 

G.  P.  Bwnis.— In  No.  2,  if  1.  P  to  R6,  B  to  K3  ;  if 
then  2.  Kt  to  K4,  B  to  E7,  or  if  2.  P  to  R7,  B  to  Q4. 
2.  Kt  X  B  is,  of  course,  stalemate. 

HamiUon  White. — Please  send  the  actual  solution  of 
your  end- game.  There  is  a  mate  in  seven  moves  in  which 
all  Black's  moves  are  not  forced.  I  am  uncertain,  there- 
fore, whether  this  is  your  intended  solution. 

H.  F.  Ciilmer. — Thanks  for  the  problem ;  I  fear,  how- 
ever, that  it  would  never  do  to  use  in  a  solution  tourney 
a  problem  which  has  already  been  published. 

"  Quidam." — I  am  forwarding  your  complaint  as  to  late- 
ness of  delivery,  and  hope  that  the  matter  may  be  remedied 
in  future. 

"  Tamen.'" — Please  see  reply  above.  You  must  under- 
stand, however,  that  rules  cannot  be  relaxed  to  suit  special 
cases,  otherwise  there  might  be  no  limit  to  the  number  of 
extenuating  circumstances  which  might  be  urged. 

A.  H.  H.  (Croydon). — Many  thanks  for  the  problem.  I 
will  examine  it,  but  cannot  say  for  certain  in  what  number 
it  will  appear. 

Solution  Tourney. — The  leading  scores  at  present 
are  : — J.  W.  Dixon,  C.  Johnston,  W.  Jav.  "  Looker-on," 
W.  H.  S.  M.,  W.  Nash,  22;  "Quidam,"  19;  G.  W. 
Middleton,  18 ;  "  Endirby,"  18  (no  solutions  received  this 
month). 
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PROBLEMS. 

By  C.  D.  Locoek. 

No.  1 

Black  (5). 


"'^^'""^1^'^Bl 


m.  ■^  mm      :://■ 
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«    «    • 


White  (;)). 

Wliite  mates  in  two  moves. 


No.  2. 

Black  (8). 


k 


« fm W""i 


m    ii 


WiiirE  (7) 

White  mates  in  two  moves. 

After  this  number  I  shall  hope  to  give  at  least  one 
three-move  problem  every  month. 

"KNOWLEDGE"    PROBLEM    TOURNEY. 

After  careful  consideration  I  have  placed  the  eight 
problems,  selected  by  the  more  successful  solvers,  in  the 
following  order  : — 

1st  'No.  12,  "Ariadne." — A  problem  with  many  beatiti- 
f ul  points.  The  key,  perhaps,  is  rather  more  "  tak(> "  than 
"give,"  but  as  Black  could  evidently  not  take  the  Knight 
where  it  stands,  I  cannot  consider  it  weak.  Three  out  of 
the  four  continuations  are  quiet,  one  being  a  Queen 
sacrifice.  Very  pretty  is  the  successive  visitation  of 
Q'5,  QBl-5,  and  QKt3,  and  the  use  of  the  Black  Bishop  to 
block  the  King  in  two  different  mates.  It  is  a  pity  that  a 
third  attempt  of  this  kind  results  in  a  dual  or  triple  mate. 
Very  pleasing  too  is  the  distant  action  of  the  White 
Bishop,  with  its  one  "  Ruy  Lopez "  mate.  The  great 
variety  .after  1.  .  .  .  B  X  P  is  probably  due  to  the  fact  that 
the  problem,  though  it  simulates  a  "  block,"  is  in  reality 
of  the  "  threat "  class.  Q  to  R8  is  a  good  "  try,"  the 
White  King  being  cleverly  used  to  prevent  its  becoming 
too  good.  Q  to  KKtii  and  P  to  B4ch  are  also  fair  "  tries." 
Every  piece,  and  one  of  the  rather  numerous  White  Pawns, 
gives  a  mate. 

•2nd.  No.  2(5,  "  Bi'H  trovato." — An  ideal  light-weight 
problem.  The  substitution  of  a  Rook  (which  mates  on 
three    different    squares)    for    the    customary    Knight    or 


Bishop  is  most  refreshing.  The  key  is  distinctly 
difficult,  and  good  to  the  extent  of  giving  additional 
freedom  to  the  Black  King.  Of  the  six  continuations  two 
are  quiet,  though  confining,  and  many  of  the  mates  are 
good,  while  none  are  absolutely  commonplace.  The  one 
weak  point  is  the  uselessness  of  the  White  King.  Its 
position  may  serve  to  call  attention  from  the  key,  but  its 
proper  place,  if  possible,  was  at  QR8,  removing  one  of  the 
Black  Pawns.  But  for  this  the  economy  is  almost 
perfect.  The  White  Knight  is  curiously  stationary 
throughout. 

3rd.  No.  10,  "  Posnibilities." — A  very  pretty  position. 
The  two  continuations  with  the  Knight,  which  makes  the 
key,  are  in  excellent  style,  and  P  to  B3  is  a  subtle  defence 
to  the  threat.  Some  of  the  mates  are  admirable.  There 
is  rather  less  variety  than  in  the  other  prize-winners.  The 
composer  probably  found  some  difficulty  in  stopping  a 
dual,  but  in  other  respects  the  construction  is  first-rate. 

4th.  No.  18,  "  Bargany." — A  slashing  problem,  with 
much  bloodshed  on  both  sides.  I  cannot  consider  the  key 
good.  Though  the  Rook  is  offered  it  was  already  en  prise, 
and  the  square  given  to  the  Black  King  is  not  sufficient 
compensation  for  the  square  of  winch  he  is  robbed.  The 
threat  is,  nevertheless,  not  obvious,  and  results  in  a 
great  variety  of  rather  inferior  mates.  The  two  main 
variations,  involving  the  sacrifice  of  Queen  and  Rook,  are 
very  brilliant ;  other  continuations  are  moderate,  and  lead 
to  mating  positions  in  which  one  or  more  of  the  White 
pieces  have  no  part.  There  are  some  dual  mates  in  two 
of  the  variations.  The  economy  of  Wliite  force  is  by  no 
means  satisfactory,  and  only  three  of  the  mates  are  at  all 
pure  and  economical.  Particularly  annoying  is  the  position 
of  the  Black  Knight  when  the  King  is  mated  at  K.5,  and 
of  the  Pawn  at  Kt3  when  he  is  mated  by  Kt  to  Kt7.  The 
White  King  gua.rds  one  square  in  one  continuation,  but 
takes  part  in  no  mate.  This  problem  was  easily  first  in 
the  estimation  of  our  solvers.  For  this  reason  I  have,  in 
these  remarks,  dwelt  more  on  what  seem  to  me  its  defect.s 
than  on  its  many  good  points. 

Equal  5th.  No.  13,  "  Leonard." — Distinguished  above 
all  others  for  the  purity  and  economy  of  the  mates.  The 
key  is  good,  followed,  as  it  is,  by  a  quiet  threat ;  though 
the  piece  to  move  is,  perhaps,  rather  obvious.  Tiiere  is  a 
fine  try  by  1.  Kt  to  B5.  But  for  the  unfortunate  dual 
after  K  to  Q3  this  problem  would  probably  have  been  a 
prize-winner.  As  it  is,  it  must  be  content  with  iionourable 
mention. 

Equal  5th.  No.  4,  "  Three  Steps  and  a  Shuffle-off." — A 
well-constructed  diagonal  flight-square  problem  of  not 
unfamiliar  tyjie,  with  three  quiet  continuations  and  some 
very  nice  mates.  The  key  lacks  difficulty,  and,  moreover, 
dei)rives  the  Black  King  of  what  was  clearly  his  best 
chance  of  ultimate  escape.  The  economy  is  of  course  quite 
faultless. 

7th.  No.  24,  "  Weiijhty." — An  ingenious  "  block,"  but 
Black's  threatened  check  and  the  position  of  the  Black 
Bishop  both  aid  in  the  quick  discovery  of  the  key,  the 
brilliancy  of  which  is  somewhat  discounted  by  the  fact 
that  the  Queen  is  out  of  play.  The  subsequent  continua- 
tions, including  the  Queen  sacrifice,  strike  me  as  a  little 
obvious  ;  the  best  variition  follows  on  1.  .  .  Kt  x  Q.  which 
leads  to  two  cajiit^iil  mates.  The  remaining  variations  are 
only  of  a  moderate  character,  and  more  than  one  White 
piece  is  generally  "  looking-on  "  at  the  mate.  Q  x  P  and 
B  to  Bsq  are  fair  "  tries." 

8th.  No.  t>,  "  Trifolium  duplex." — The  main  feature 
consists  in  the  mates  given  by  three  White  Pawns,  in  one 
case  by  promotion.  The  key  would  be  good  if  it  did  not 
threaten  a  mate  on  the  move,  and  Black  is  provided  with 
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an  abiinilance  of  defences.  The  Queen  sacrifice  leads  to  a 
])ure  mate ;  but  even  here  three  White  pieces,  besides  the 
King,  are  mere  spectators.  The  other  mates  are  for  the 
most  part  very  impure.  Altogether  the  position  is  greatly 
overcrowded,  and  the  absence  of  a  second  solution  is  really 
surprising. 

The  best  of  the  other  sound  problems,  mentioned  in 
order  of  publication,  are,  I  thinlv,  No.  1,  "  Per  Aspera  ad 
Ardua  "  ;  No.  9,  "Satis"  (a,  good  problem,  but  our  solvers 
evidently  will  not  stand  the  minor  duals  inseparable  from 
compositions  of  the  German  school);  No.  17,  "Brutum 
Fulmen  "  ;  No.  22.  "  By  indirection,  etc.  "  (very  good  but 
for  the  triple  continuation  after  1.  .  .  B  to  B6)  ;  No.  23, 
"  Seeing  the  thing  through  "  (a  very  clever  and  original 
piece  of  work,  but  the  key  is  weak,  and,  again,  the  minor 
duals  were  against  it),  and  No.  25,  "Inter  Pocula  "  (see 
note  on  No.  i»). 

Of  the  imsound  problems.  No.  2,  "  Fort  Nachanand," 
was  a  truly  magnificent  conception,  the  "  race  of  the 
Knights"  being  distinctly  humorous.  No.  11,  "With 
how  much  labour,  etc.,"  was  also  a  fine  problem,  the 
composition  of  the  winner  of  the  last  Knowledge 
tournament. 

On  opening  the  sealed  envelopes,  I  find  that  the 
followng  are  the  prize-winners.  The  award,  as  usual, 
will  remain  open  for  one  month. 

First  Prize. — "  Ariadne." 
By  Gr.  Heathcote   (Manchester). 


Whith    (U). 

White  mates  in  thi-ee  moves. 

Second  Prize. — "  Ben  trovato." 

By   W.  Geary  (London). 


^  4  Mii.      ^m,      m-' 


'W'f. 


Third  Prize. — "  Possibilities." 
By  H.  F.  W.  Lane  (Stroud). 

Hi  I.  h   (8) 


,fc......      ^ 


O.    f^         ^f^  ^^  /-'j.^l 

^  WM       mM       ^p       ^^ 


wm     m 


i#  .  •■:^ 


White  (G). 

"White  mates  in  three  moves. 

The  following  problems  (given  in  Forsyth  notation) 
obtain  honourable  mention  : — 

No.  18.  "Bargany"  (F  W.  Wvnne,  Dudlev)— 2  B  1  N  1 
K  1.  1  r  1  p  ].  3,  1.  R  4  p  1,  3  k  4,  Q  1  p  2  P  p  1,  1  R  2  B  u  2, 
8,  8. 

(      No.  13.  "Leonard"   (B.  G.  Laws,  Loudon) — 4K2b, 
»  1  p  .5  P,  1  P  6,  3  B  k  3,  1  p  P  1  N  3,  .5  Q  2,  n  1  P  .5,  8 
■j      No.  4.  "Three  steps  and  a  shuffle-off"  iG.  J.  Slater, 
(  Liverpool)— 8,  8,  4  p  3.  1  P k  1  N  2  Q,  8,  2  N  5,  8,  2  K  5. 

The  composers  of  the  remaining  problems  were  as 
under :  those  marked  with  an  asterisk  proved  to  be 
unsound.  L,  P.  L.  Osborn  (London)  ;  2,*  K.  Erlin 
(Vienna)  ;  3,  E.  G.  B.  Barlow  (Surbiton)  ;  5,*  E.  Palkoska, 
(Bohemia) ;  6,  R.  J.  Bland  (India) ;-  7,*  J.  Miiller  (Den- 
mark) ;  8,  A.  P.  Bree  (Jersev)  ;  9,  J.  Jesperson  (Denmark)  ; 
11,*  A.  G.  Fellows  (Watford)  ;  14,  Rev.  R.  J.  W^right 
(Worthing)  :  1-5,*  H.  W.  Schmidt  (Honolulu)  ;  16,  V.  de 
Barbieri  (Russia);  17,  Horace  Pitt  (Cardiff);  19,  J.  W. 
Dawson  (Grimsby)  ;  20,  Max  J.  Meyer  (Boscombe)  ;  21,* 
R.  H.  Andrews  (Jersey) ;  22,  Percy  Healev  (London);  23, 
J.  W.  Abbott  (London)  ;  24,  P.  (i.  L.  F.'  (Twickenham); 
2.5,  R.  Hollstein  (Berlin). 

It  is  rather  remarkable  that  no  Continental  composer 
received  a  single  vote  from  any  of  the  solvers  who  acted 
as  preliminary  judges. 

Ail  manascripts  should  be  addressed  to  the  Editors  of  Knowledge,  .326,  Hi^h 
Holbom,  London ;  they  should  be  easily  le^ble  or  typewritten.  All  diagrams 
or  drawings  intended  for  reproduction,  should  be  made  in  a  good  black 
medium  on  white  card.  While  happy  to  consider  unsolicited  contributions, 
which  should  be  accompanied  by  a  stamped  and  addressed  envelope,  the 
Editors  cannot  be  responsible  for  the  loss  of  any  MS.  submitted,  or  for  delay 
in  its  return,  although  every  care  will  be  taken  of  those  sent. 

Communications  for  the  Editors  and  Books  for  Beview  should  be  addressed 
Editors,  Rnowledge,  326,  High  Holbom,  London. 

SUBSCRIPTION. — Annual    Subscription,    throughout    the     world, 

79.  6d.,  post  free. 
BOUND    VOLUMES.— The   j^early  cloth-boimd  Volumes,   8s.   6d. ; 

postage  extra. 
BINDING. — Subscribers'   Jfumbers    bound   complete,   29.    6d.    each 

Volume ;     postage     extra.      Cases    for     Binding    sold 

separately.  Is.  6d.  each  ;  postage  extra. 
LANTERN  SLIDES  of  many  of  the  PLites  appearing  in  Kxowiedgb 

may  be  obtained  from  Messrs.  Newton  &  Co.,  3,  Fleet 

Street,  London. 
REMITTANCES.— -ill  remittances  should   be  made  payable  to  the 

Publisher  of  Knowledge. 


White  (.5). 

White  mates  in  three  moves. 
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FAIVIILIAR    BRITISH    WILD    FLOWERS   AND 
THEIR   ALLIES. 

By   B.    Lloyo   Fraeger,    b.a. 
III.— THE     UMBELLIFER.E.* 

Among  the  larger  wild  flowers  which  one  meet.s  on  a 
country  rcamble,  none  are  more  familiar  than  the  members 
of  the  group  which  botanists  call  the  VmhelJifi-nv,  or 
umbel-beariug  plants.  These  plants  are  puzzliiiL;-  to  the 
beginner  on  account  of  the  strong  family  likeness  which 
runs  through  the  majority.  In  a  large  number  of  the 
commoner  species  we  find  the  same  strong  erect  growth, 
hollow,  branched  stem,  much-divided  leaves  triangular  in 
outline,  and  flattish  white  or  pink  compound  umbels 
formed  of  numerous  small  flowers.  Indeed,  were  stem 
and  leaf  the  only  means  of  discrimination,  identification 
would  bediflicult;  and  if  we  had  to  rely  on  the  flowers 
alone,  well  nigh  impossible.     But  the  fruit  of  these  plants, 

■  l''or  tlu!  use  of  the  blocks  which  form  Figures  2  to  6,  the  writer 
is  indebted  to  Messrs.  C.  Orillin  &  Co.  They  are  taken  from  his 
"  Open -Air  Studies  in  Botany.' 


remarkable  in  structure,  is  also  much  varied  in  form. 
Here  we  have  the  key  to  their  classification  ;  and  a  study 
of  the  fruits  of  the  Umbeliiferse  will  not  only  enable  the 
beginner  to  name  bis  plants,  but  -n-ill  present  to  his  view  a 
large  series  of  interesting  and  lieautiful  forms.  Eacli 
fruit  consists  of  two  carpels  (jnericarps),  often  flattened, 
adhering  by  their  face  (commissure)  to  a  common  axis  (the 
columella  or  carpophore),  from  which  they  ultimately 
separate  and  become  pendulous.  Each  carpel  has  usually 
five  longitudinal  ribs,  and  often  four  lesser  ribs  alternating 
with  these ;  and  in  the  substance  of  the  wall  of  the  fruit, 
either  under  the  ribs  or  in  the  spaces  between  them,  there 
are  often  canals  (vittse)  filled  with  essential  oil.  The 
mericarps  vary  in  shape,  in  the  character  of  the  ribs,  and 
in  the  arrangement  of  the  vittDe,  and  these  variations 
generally  render  identification  easy.  If  the  fruit  be  cut 
across  horizontally  with  a  knife,  its  characters  are  seen  to 
the  best  advantage.  The  aeoompanyiug  sketch  shows 
enlarged  sections  of  the  fruits  of  five  familiar  Umbellifers, 
and  exemplifies  the  variety  of  form  and  arrangement  that 
has  been  referred  to. 


Fig.  1. — Horizontal  Sections  of  Fruits  o£  Umbelliferie.  1.  Dancus 
Carota.  2.  Pimpinella  magna.  3.  Si/drocoti/le  vulgaris,  -i.  Carum 
Carui.     5.  ^thusa  Ci/napium.     Enlarged. 

The  Umhelliferx  are  a  large  order  of  plants,  comprising 
several  thousand  species.  I'liey  are  represented  in  every 
part  of  the  world,  but  are  especially  abundant  in  Europe 
and  temperate  Asia.  The  species  which  are  reckoned  as 
native  or  naturalized  in  the  British  Islands  number  sixty- 
nine,  distributed  among  forty  genera  ;  from  which  figures 
it  may  be  gathered  that  a  quite  unusual  number  of  genera 
— thirty,  to  be  precise — are  with  us  represented  by  a  single 
species  only.  Our  British  UmbeUiferx  are  all  herbaceous 
plants,  but  in  other  parts  of  the  world  shrubby  species 
occur,  and  others  again  which  widely  differ  in  general 
appearance  from  the  Carrot-  or  Parsncp-like  forms  which 
we  are  inclined  to  regard  as  typical  of  the  order. 

Among  the  BritisU  Umbelliferie,  some  few  have  in- 
florescences differing  from  the  characteristic  form,  the 
flowers  being  arranged  in  simple  instead  of  compound 
umbels,  or  in  head-like  groups.  These  plants  belong  to 
the  genera  Jlydrocotyle  (Marsh  Pennywort),  Saiiiciila 
(Wood  Sanicle),  Asfrantia,  and  Enjiigium  (Sea-Holly)  ; 
and   it    will   be   seen,   when   we   come   to    speak   of    the 
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characters  of  the  British  representatives  of  the  order,  that 
these  genera  depart  from  the  usual  plant-form  of  the 
UmbeUifene  in  other  respects  also. 

As  a  group,  the  VnibeUiferas  are  remarkaljle  for  the 
powerful  secretions  produced  by  many  species.  They  are 
a  strong-smelling  and  strong-tasting  order,  some  useful, 
many  liighly  poisonous.  Among  the  Britisli  species,  good 
exemplifications  of  both  characters  arc  found.  Conspicuous 
among  the  noxious  species  are  the  Hemlock  {Coninm 
maculatum),  and  the  various  species  of  Water-Dropwort 
{(Enanfhe).  The  poison  in  these  plants  is  narcotico- 
acrid.  producing  delirium,  palsy,  and  aspliyxia.  The  Water- 
Hemlock  (Cicnta  I'iro^a)  is  equally  dangerous,  producing 
effects  similar  to  those  of  prussic  acid — tetanic  convulsions, 
ending  fatally.  Others  of  our  British  species  lose  their 
acidity  by  cultivation  or   bleaching.      Thus  we   get   our 


Fig.  2.— Tlie  Sainphii-c  .it  Home. 

U.  WBt.cn,  r 

Carrots  and  Parsueps,  the  enlarged  tap-roots  of  species  of 
the  genera  Bavciis  and  Pmtmaca.  The  esculent  Celery  is 
produced  by  bleaching  the  leaf-stems  of  Avhnn  graveofens, 
a  common  inhabitant  of  salt-marshes.     The  Parsley  oi  our 


gardens  is  a  curly-leaved  form  of  Cannn  Petrnseh'num,  a 
plant  of  unknown  origin,  which  readily  escapes  and  makes 
itself  at  home,  as  a  coarse  strong-growing  plant,  on  old 
walls  and  limestone  rocks.  Of  useful  sjiecies  not  in 
cultivation,  the  best  known  is  the  aromatic  Samphire 
{Crithmvm  marilimum.),  a  plant  of  the  sea-rocks,  which 
makes  a  delicious  pickle.  The  succulent  roots  of  Sea- 
Holly  {Erijngivm  maritimnm)  and  Angelica  (Arrhaiigolira 
ojficinalis)  are  sometimes  candied,  and  have  medicinal 
properties.  The  well-known  Caraway  seeds  are  the 
aromatic  fruits  of  Carnm  Carni ;  and  the  fruits  of  Anise 
{PimpincUa  Anifnm),  Coriander  {Coriandruw  sntiviim), 
and  others,  have  similar  properties. 

The  British  Umhelliferse,  nearly  seventy  in  numln'r,  form 
too  large  a  group  to  permit  of  a  survey  by  genera  and 
species  within  the  limits  of  a  single  article.  Wc  may, 
instead,  take  up  in  turn  each  part  of  the  plant,  note 
its  characteristic  form  or  forms,  and  consider  any 
striking  departures  from  this  form  which  our 
British  species  present.  First,  then,  as  regards  roots 
and  root-stocks.  A  characteristic  form  among  the 
UmbeUiferx  is  the  tap-root,  as  we  see  made  tleshy 
by  cultivation  in  the  Carrot.  Others,  such  as  the 
Whorled  Caraway  and  some  species  of  QCuanthe,  have 
a  hunch  of  fleshy  fibres,  largest  near  tlie  extremity. 
Cannn  Bulhorafitaiiiim,  a  rare  English  species  found 
cliiefly  near  Cherry  Hinton,  has  a  brown  sub-globular 
tuber.  In  the  Pig-nut,  Biinium  flexxtns^nn,  a  common 
spring  woodland  plant,  the  tuberous  form  is  more 
pronounced,  being  of  irregular  shape  and  com- 
paratively deeply  buried  ;  it  is  sweet  and  nut-like  in 
flavour,  as  all  of  us  who  have  spent  our  childhood  in 
the  country  well  know.  The  Sea-Holly  possesses  far- 
creeping  succulent  root-stocks,  which  burrow  deep  in 
the  sea-sands,  and  send  up  shoots  into  the  light  and 
air  above. 

The  stems  of  our  Umbelliferous  plants  do  not 
jiresent  any  great  range  of  form.  The  upright 
liranched  hollow  stem  of  the  Wild  Chervil  ((Jhae- 
ropliyllvm  sylvestre)  or  Gout-weed  (^yopodium 
Podoi/raria)  may  Ije  taken  as  a  type.  In  our  larger 
species,  such  as  the  Cow-Parsnep  (HeracJeum  Sphmi- 
'Jylium)  or  Wild  Angelica  (Angelica  sylvestris), 
these  stout  hollow  stems,  like  pillars,  designed  to 
liear  the  weight  and  stress  of  the  large  spreading 
leaves  and  umbels,  form  striking  and  interesting 
I'xamples  of  plant  architecture.  At  each  node  a  solid 
partition  extends  across  the  column,  and  at  the  places 
thus  strengthened  arise  the  leaves  and  axillary 
branches.  In  the  Marsh  Pennywort  (Hydrocotyje 
vulgaris)  the  stem  is  strikingly  different,  being  weak 
and  creeping,  emitting  rootlets  on  one  side  of  each 
node  and  leaf  and  flower-stems  on  the  other. 
Several  other  marsh  species  by  their  decumbent 
habit  and  rooting  at  the  nodes  connect  this  extreme 
fiu-m  with  the  more  typical  kind  of  stem.  The 
Samphire,  alone  among  om-  British  species,  can 
]iroduce  a  perennial  elongated  woody  stem  from  which 
annual  branches  arise. 

The  leaves  of  the  VmbeUiferse  are  usually  charac- 

1  eristic — large,  triangular  or   oblong  in    outline,  and 

much  divided.     Sometimes  they  are  long  and  simjilv 

jiinnate,    as    in    the    Parsnep    (Fttstlnaca),    Burnet 

Saxifrage   {Pimpinella),  and    Water-Parsnep   (Helns- 

i-iadium),      but      more      frequently      liipinnate      or 

tripinuate,    with     finely     cut     segments ;     in     some 

cases  the   final   divisions   are  hair-like,  as  in  the  Fennel 

[Fceniculum  officinale)  and  Bald-Money  (Meiini  Athaman- 

ficum)  :  in  other  cases,  ovate-serrate,  as  in  the  famihar 

Wild  Angelica.     In  the  sea-haunting  Samphire  the  linear 
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segments  are  glaucous  and  fleshy,  as  is  characteristic  of 
lialophytcs,  or  plants  which  grow  in  places  charged  with 
salt,     in  the  Whorled  Caraway  (Carum  verficillatntn)  the 

leaves  are  pinnate,  the 
pinnae  dividing  into 
numerous  hair-like  seg- 
ments which,  insteail 
■  if  lying  in  one  plane 
us  inmiist  leaves, spread 
out  all  round  the  leaf 
stem,  like  the  whorls  of 
the  Lady's  Bed-straw, 
making  the  outline  of 
the  leaves  cylindrical. 
The  genus  Bupleurum, 
(IT  Hare's-ear,  includes 
several  slender  herlia- 
ceous  plants,  in  the 
British  Islands  Con- 
fined to  southern 
England,  which  are 
^l  IJW  -^     ^Jjl  ^M^^ll  jy^  rendered  verv  un- 

^ailr)\     ilm     TMJ^  likeraostoftheiral- 

^i<!ri¥\\     II///A     \l/.^^  lies  by  their  simplie 

lanceolate  leaves. 
One  species,  B. 
rotundifolium,  has 
broad  pointed  leaves  which 
completely  embrace  the  stem 
— a  unique  form  among  our 
British  UmbelUferas.  The 
aberrant  simple-umbelled 
group  which  has  before  been 
referred  to  differ  from  the 
type  in  their  leaves  as  well  as 
in  their  inflorescence.  The 
Marsh  Pennywort  has  pel- 
tate leaves  like  those  of  the 
true  Pennywort,  Cotelydon 
UinhiJicus — roiuid  in  outline 
with  the  stalk  inserted  in 
the  middle.  Sanicula  and 
Astrantia  have  pretty  palm- 
ate leaves—  a  niuuber  of 
segments  springiugfroni  one 
point,  like  a  fan.  Many  of  the  Umbelhferee  are,  no 
doubt,  protected  from  the  attacks  of  feeding  animals, 
large  or  small,  l>y  the  virulent  or  acrid  properties  re- 
siding in  their  leaves  and  stems.  In  one,  the  Sea- 
Holly,  recourse  is  had  to  a  device  familiar  in  otiier 
families — the  production  of  an  armament  in  the  form 
of  spines.  In  this  species,  too,  which  lives  on  the  dry 
burning  sea  sands,  the  leaves  are  grey  and  leathery, 
and  protecleil  by  thick  layers  of  cells  from  too  great 
transpiration. 

Next  we  come  to  the  flowers,  which,  as  already 
stated,  are  usually  arranged  in  compound  umbels. 
That  is,  the  flowering  stem  divides  into  a  number 
of  branches  whii'h  spring  from  one  point  and  reacli 
about  the  same  level ;  at  which  level  each  branch 
again  similarly  divides,  each  division  bearing  a  ter- 
minal flower.  The  result  is  a  large  circular  flattisli 
surface  of  blossoms.  The  advantage  to  the  phmt 
of  such  an  arrangement  is  that  it  renders  the  inflor- 
escence conspicuous — advertises  the  flowers  to  the 
Imney-feeding  insects,  which  come  and  by  their 
visits  carry  the  pollen  from  plant  to  ])lant.  In 
all  our  JJmbelUferx,  each  flower  is  (piife  small ;  but 
the  result  of  this  aggregation  is  a  most  conspicuans 
inflorescence.      Moreover,   the   outermost    flowers   of   the 


umbel  are  often  irregular,  their  outer  petals,  which 
alone  of  all  the  flowers  have  room  for  expansion, 
being  considerably  enlarged,  thus  further  assisting 
to  render  the  flower-mass  conspicuous.  We  may  note 
the  same  device  carried  still  further  in  the  flat  flower. 
masses  of  the  Guelder-rose,  Viburnnm  Op^ilus,  which 
lielongs  to  an  allied  order.  In  this  shrub  the  petals  of 
the  outer  flowers  have  been  developed  at  the  expense  of  tlie 
essential  organs,  and  these  outer  blossoms  consist  nierolv 
of  a  large  white  corolla — a  pure  advertisement — while  all 
the  business  of  the  plant  is  carried  on  by  the  comparatively 
inconspicuous  flowers  which  are  massed  in  the  centre  of 
the  cluster.  The  flowers  of  the  Umbelliferie  are  of  simple 
structure.  There  is  little  room  or  need  for  a  cal)-x,  and  it 
is  adherent  to  the  ovary,  and  its  free  part,  which  forms  the 
conspicuous  protecting  sepals  in  so  many  flowers,  is 
wanting.  The  small  petals  are-  five  in  number,  wide- 
spreading,  notched,  usually  of  light  colour — white,  or  less 


FlO.  3.— Samphire  (Crifh- 
mam  maritimtim) .  Half 
natural  size. 


Fig.  4. —  the  .>Sea-llollv  at  Ilomr. 


K.  Welch,  Pholo. 


commonly  pink  or  yellow.     Tin 
spreading  between  the  petals. 


!  stamens  are  five,  long  and 
The  middle  of  the  flower 
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is  occupied  by  a  disk  in  the  ceutre  of  which  rise  two  styles. 
The  houey  lies  open  to  all  comers.  There  is  no  guarding 
of  the  approaches  to  tlie  flower,  or  to  the   nectary  ;    no 


Fig.  5. — Secondary  Umbel  of  Cow-Parsnep,  showing  large  exterior 
petals.     Two-thirds  natural  size. 

provision  for  the  visits  of  any  particular  kind  of  insect. 
In  consequence,  all  kinds  of  insects  visit  the  flowers — flies, 
beetles,  bees,  moths,  ants — both  flying  and  crawling 
creatures. 

The  umbels  are  generally  terminal  on  the  brandies, 
but  in  a  few  cases  axillary,  as  in  the  Water-Parsueps 
{Helosciadium)  and  the  Knotted  Hedge-Parsley  (Caucalis 
nodosa).  Compound  umbels  are  found  in  the  majority  of 
the  British  species,  but  sometimes  the  umbels  are  simple, 
as  in  the  Venus's  Comb  (Scandix  Pecten-Yeneris).  The 
number  of  rays  which  go  to  compose  the  umbel  varies 
greatly,  being  reduced  in  some  species  to  two  or  three, 
thus  forming  irregular  small  clusters  of  flowers,  instead  of 
large  disk-like  masses.  The  Marsh  Pennywort,  already 
referred  to,  which  has  creeping  stems  from  which  arise 
circular  peltate  leaves,  has  flower-stems  much  shorter  than 
the  leaves,  and  quite  hidden  by  them.  These  peduncles 
terminate  in  little  clusters  of  pinkish  minute  flowers.  In 
Astrant'iu,  a  quite  abnormal  effect  is  produced  by  the 
petal-like  character  of  the  leaves  of  the  involucre.  The 
involucre  is  the  ring  of  small  leaves  which,  more  or  less 
developed,  surrounds  the  point  where  the  branches  of  the 
umbel  radiate  from  the  stem.  In  some  plants,  as  in  the 
Wild  Carrot,  this  involucre  is  a  conspicuous  feature, 
forming  a  ring  of  much  divided  hairy  foliage  ;  in  a  few 
species  it  is  altogether  wanting.     In  Astrantia  the  umbel 


Fig.  6. — Flower-head  of  Sea-Holly,  with  Involucre  (lialf  natural 
size),  and  Single  Fruit  with  Bract  (  -x  2). 

is  simple,  with  very  numerous  rays.  The  segments  of  the 
involucre  are  longer  than  the  rays  of  the  umbel,  and  are  un- 
divided  and  erect,  surrounding  the  inflorescence  and  giving 
it  the  appearance  of  the  flower-head  of  one  of  the  Daisy 
group  of  the  Composit/e.  In  some  of  the  sjiecies,  as  the  pretty 
A.  carniolica,  the  colouring  of  the  involucre  adds  to  the 
illusion.  The  Sea- Holly  has  also  an  abnormal  inflorescence, 
in  which  the  primary  umbel  consists  of  a  terminal  shoot 
and  several  spreading  branches  arising  from  one  point, 
and  surrounded  by  an  involucre  of  three  leaves,  while  the 
secondary  umbels  which  these  bear  are  reduced  to  egg- 
shaped   heads   of    flowers,   with   conspicuous   spiny   blue 


involucres,  and  also  a  spiny  bract  lielow  each  flower.  The 
Sea-Holly  is  quite  one  of  the  most  remarkable  as  well  as 
one  of  the  most  beautiful  of  our  British  TJmhelliferee.  Its 
leathery,  glaucous,  spiny  foliage,  tinged  with  vivid  blue, 
and  heads  of  blue  flowers,  are  unique  features  among  the 
numerous  native  plants  of  this  order. 

Of  the  characteristic  fruit  of  this  order  something  has 
already  been  said.  It  consists  of  two  single-seeded  carpels 
attached  by  their  faces  to  a  common  short  forked  axis ; 
when  ripe  the  faces  separate  from  the  axis,  the  carpels 
remaining  attached  and  pendulous  by  their  upper  extremity. 
The  carpels  are  sometimes  laterally  compressed  as  in 
Marsh  Pennywort  {see  Fig.  1)  ;  sometimes  dorsally  com- 
pressed as  in  the  Wild  Carrot  (see  Fig.  1)  ;  sometimes 
smooth,  often  strongly  ribbed ;  sometimes  covered  with 
spines.  The  fruit  is  usually  devoid  of  any  obvious 
provision  to  assist  its  dispersal.  When  ripe  and  liangiug 
lightly  from  the  carpophore  it  is  easily  detached ;  the 
upright  stems  of  the  plants  are  often  stiff  and  elastic,  and 
spring  back  into  position  if  moved  by  a  passing  animal  or 
by  the  wind.  The  fruits  may  often  by  this  means  be 
projected  to  some  distance,  in  the  manner  of  other  cata- 
pult-fruits. 

The  fruits  of  some,  as  the  Wild  Angelica,  are  broadly 
winged  and  may  be  carried  to  some  distance  by  a  high 
wind  ;  but  in  very  few  cases  is  there  any  character  which 
suggests  wind-carriage.  Of  more  obvious  use  are  the 
hooked  bristles  with  which  the  fruit  of  some  of  our 
Umbelliferse  is  set.  Some  of  the  species  of  Bur-Parsley, 
Caucalis,  for  instance,  have  their  fruit  thickly  beset  with 
hooked  bristles,  liable  to  become  entangled  in  the  coats  of 
jjassing  animals,  and  thus  secure  a  wide  dispersal.  The 
fruit  of  the  Wood  Sanicle  is  similarly  furnished.  A 
curious  case  is  furnished  liy  the  Knotted  Hedge-Parsley 
(Caucalis  nodosa),  which  bears  small  almost  sessile  lateral 
umbels.  The  inner  fruits  of  each  cluster  are  smooth, 
while  the  outer  mericarp  of  the  outer  fruits  alone  is 
furnished  with  numerous  rows  of  hooked  bristles  which 
are  clothed  with  backward-pointing  teeth.  The  fruit  of 
other  species  of  Caucalis,  and  of  the  Wild  Carrot  (Laucus 
Carota)  possess  an  abundance  of  straight  spines  which  may 
act  in  the  same  ^vay  as  has  been  just  described.  The  fniit 
of  the  Venus's  Comb  (Sca7idix  Fecten-Veneris)  is  very 
curious.  The  mericarps  and  carpophore  to  which  thev 
are  attached  are  prolonged  into  a  great  beak,  which  far 
exceeds  in  length  the  fruit  itself,  attaining  sometimes  a 
length  of  three  inches.  This  beak  is  furnished  with 
forward-pointing  bristles.  The  low  growth  of  the  plant 
renders  it  unlikely  that  its  dispersal  is  assisted  by  fruits 
entangled  in  the  fleece  of  animals,  and  the  object  of  the 
remarkable  beak  is  not  apparent.  In  the  Sea-Holly,  the 
calyx  limb  is  present — a  very  rare  feature  in  this  order — 
as  five  stiff'  lanceolate  segments.  These  are  persistent  and 
crown  the  rovigh  fruit,  and  possibly  iii  some  measure  assist 
its  dispersal  (see  Fig.  6).  But  though  the  majority  of 
the  Umhelliferm  apparently  trust  to  'chance"'  for  their 
advance  into  new  ground,  they  still  apparently  secure  a 
sufliciently  wide  dispersal,  as  shown  by  the  abundance  of 
many  of  the  annual  and  biennial  species. 


THE    PAL^ONTOLOGICAL    CASE    FOR 
EVOLUTION. 

By    R.    Lydekker. 
(Continued  from  page   76.) 
It  will  be  well,  before  proceeding  further,  to  sum  up  very 
briefly  the  palseontological  case  for  evolution  so  far  as  the 
five  main  branches  (or  phyla,  as  Professor  Osborn  would 
prefer  to  caU  them)  of  the  vertebrate  stock  are  concerned, 
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With  regard  to  mammals  the  evidence  is  practically 
decisive  and  complete  as  to  an  intimate  connection  with  (and 
therefore  their  proljable  descent  from  )  reptiles.  And  the 
same  is  true  with  regard  to  the  affinity  Ijetween  reptiles 
and  salamanders.  So  far  as  a  direct  connecting  chain  is 
concerned,  salamanders  indeed  cannot  l)e  affiliated  to  fishes, 
but  the  collateral,  or  what  may  be  termed  circumstantial, 
evidence  points  most  strongly  to  the  former  existence  of 
such  connecting  links,  and  consequently  to  the  evolution 
of  the  former  from  the  latter  group.  Very  much  th«  same 
may  be  said  concerning  the  resemblances  between  birds 
and  reptiles. 

Although  the  gaps  in  the  fish-salamander  series  are  still 
very  large,  and  we  are  unable  to  show  at  present  any  inter- 
mediate form  between  reptiles  and  birds,  it  is  important  to 
notice  that  in  not  one  single  instance  is  there  a  scrap  of 
evidence  which  could  be  construed  as  detrimental  to  the 
evolution  doctrine.  Such  evidence  as  there  is,  be  it  full  or 
be  it  sparse,  in  every  instance  points,  so  far  as  it  goes,  to 
the  derivation  of  the  newer  from  the  older,  of  the  higher 
from  the  lower,  of  the  specialised  from  the  generalised. 

To  revert  to  mammals,  it  was  mentioned  in  the  course  of 
our  remarks  on  the  relationship  of  that  group  to  the 
auomodout  reptiles  that  some  at  least  of  the  small  mam- 
malian jaws  from  the  Stonesfield  slate  and  other  Jurassic 
formations,  as  well  as  those  from  the  Cretaceous,  not 
improbably  indicate  the  ancestors  of  mammals  other  than 
the  modern  mouotremes.  It  has  been  very  generally 
considered  that  many  or  all  of  these  Mesozoic  mammals 
were  marsupials,  but  recent  changes  in  our  conception  of 
the  nature  and  origin  of  the  latter  group  have  tended  to 
discredit  this  idea.  And  the  probability  is  that  none  of 
the  Mesozoic  mammals  were  marsupials,  or  at  all  events 
not  marsupials  as  we  now  know  them.  Far  more  likely  is 
it  that  these  early  mammals— the  presumed  direct  descen- 
dants of  the  auomodouts — laid  eggs  and  approximated  in 
the  characters  of  their  skeletons  to  the  modern  mouotremes. 
Together  with  the  direct  ancestors  of  the  latter  (which,  as 
already  mentioned,  there  is  some  reason  to  believe  may 
have  had  a  peculiar  type  of  dentition  inherited  from  a 
special  branch  of  anomodonts)  they  not  improbably  formed 
a  primitive  group  for  which  Huxley's  name  of  Prototheria 
is  available. 

All  this  is,  however,  more  or  less  vague  conjecture,  and 
it  is  time  to  return  to  facts.  Apart,  then,  from  these  small 
Mesozoic  forms  of  which  the  afliuities  are  unfortunately 
so  uncertain,  the  most  primitive,  and,  at  the  same  time, 
some  of  the  earliest  (if  not  actually  the  earliest)  Tertiary 
mammals  with  which  we  are  acquainted  are  the  so-called 
Creodontia,  or  primitive  C.irnivora.  These  creodouts,  which 
varied  in  size  from  that  of  a  small  fox  to  that  of  a  bear, 
were  long-jawed  mammals,  with  a  dentition  of  a  carnivorous 
type,  but  lacking  the  differentiation  of  a  pair  of  teeth  in 
each  jaw  into  special  cutting  instruments — the  carnassial. 
or  flesh,  teeth  of  cats  and  dogs  and  most  other  niodera 
landCarnivora.  That  the  creodouts  were  the  direct  parents 
of  the  latter  is  now  generally  admitted  by  palaeontologists,* 
and  it  is  likewise  highly  probable  that  they  also  gave  rise 
to  the  Insectivora  (shrews,  hedgehogs,  teurecs,  etc.). 

That  they  were  not  marsupials  (that  is  to  say  in  the 
(jrdinary  restricted  acceptation  of  that  term)  may  be 
regarded  as  well  established;  but  certain  more  or  less 
nearly  allied  forms  from  the  Tertiary  deposits  of  South 
America  appear  to  indicate  such  a  complete  transition 
from  the  typical  creodouts  to  the  carnivorous  marsujiials 
as  to  render  it  seemingly  very  difficult,  if  not  indeed  im- 
possible, to  draw  any  satisfactory  distinction  tictwcou  the 
two  groups. 

*  "See  J.  1..  Wortmau,  American  Journal  o/  Science,  1901-1'. 


And  here  a  few  words  may  be  devoted  to  certain 
peculiarities  in  the  organization  of  modem  marsupials. 
In  common  with  the  great  majority  of  mammals  other 
than  marsupials,  the  creodouts  develop  two  series  of  teeth 
— a  small  milk,  or  baby,  series,  and  a  larger  jiermanent 
series,  the  anterior  members  of  which  vertically  replace  the 
former  as  they  are  shed.  Marsupials,  on  the  other  hand, 
if  they  change  any  teeth  at  all,  change  only  a  single  pair 
in  each  jaw,  and  considerations  into  which  we  need  not 
now  enter  render  it  probable  that  their  restricted  tooth- 
change  is  what  naturalists  call  a  specialised,  and  not  a 
primitive  feature.  In  other  words,  it  appears  that  mar- 
supials have  lost  the  complete  tooth-change  chai-acteristic  of 
most  other  mammals,  and  not  that  they  have  only  commenced 
to  develop  the  same.  Similarly,  recent  investigations  tend  to 
show  that  marsupials,  like  the  higher  mammals,  formerly 
produced  their  young  with  the  aid  of  the  structure  known 
as  the  placenta,  of  which  some  of  them  still  retain  a 
vestige.  Fui'ther,  modern  marsupials  are  characterized 
by  the  presence  of  unossified  spaces  in  the  bony  palate  of 
the  skull,  and  likewise  by  a  peculiar  bending-in  of  the 
hinder  part  of  the  inferior  border  of  the  lower  jaw — the 
inflection  of  the  angle  of  the  lower  jaw,  as  it  is  technically 
called. 

Now  the  extinct  South  American  mammals  refen'ed  to 
above  differ  from  the  typical  creodouts  in  replacing  a 
smaller  number  of  teeth,  showing  in  this  respect  a  complete 
transition  from  the  former  to  the  true  marsupials,  in  which, 
as  already  mentioned,  only  a  single  pair  in  each  jaw  is  thus 
replaced.  They  show,  moreover,  the  marsupial  inflection 
of  the  lower  jaw,  although  they  lack,  in  most  cases  at  any 
rate,  vacuities  in  the  palate.  As  to  the  presence  or  absence 
of  a  placenta,  nothing  can  of  course  be  said,  as  indeed  is 
the  case  with  the  typical  creodonts. 

So  far  as  the  available  evidence  goes,  these  South 
American  sparassodonts,  as  they  are  called,  seem  to  justify 
the  statement  that  between  the  creodonts  on  the  one  hand 
and  the  carnivorous  marsupials  on  the  other  there  is  such 
a  close  connection  that  (here  and  elsewhere  on  the 
assumption  that  evoluiion  is  the  true  explanation  of  the 
resemblances  of  animals  to  one  another)  there  seems  every 
reason  for  regarding  the  one  group  as  descended  from  the 
other,  or  both  as  divergent  branches  from  a  common 
ancestor. 

This  being  so,  the  question  narrows  itself  as  to  whether 
creodonts  are  more  primitive  than  marsupials.  Priinii 
facie,  the  inflection  of  the  lower  jaw  and  the  presence  of 
vacuities  in  the  palate,  might  apparently  be  just  as  well 
acquired  as  primitive  features  ;  but  since  the  former 
feature  occurs  in  some  of  the  Jurassic  mammals  it  would 
seem  to  be  primitive.  Both  characters  may,  however, 
have  been  lost  in  the  more  typical  creodonts  with  which 
we  are  acquainted.  On  the  other  hand,  if,  as  is  generally 
believed,  the  reduced  tooth-replacement  in  marsupials  is 
due  to  degeneration  it  is  manifest  that  in  no  sense  can  the 
latter  group  bo  ancestral  to  creodouts.  And  the  same 
seema  to  be  demonstrated  by  the  vestigial  marsupial 
placenta,  even  if  creodouts  were  non-placentals.  The 
balance  of  evidence  thus  seems  to  be  in  favour  of  the 
derivation  of  marsupials  from  creodonts.*  It  should  be 
added,  however,  that  this  is  not  the  view  of  Dr.  Woi-tman, 
who  has  made  a  special  study  of  the  latter  group.  In  his 
opinion  marsupials  are  not  the  descendants  of  placentals, 
but,  together  with  creodonts,  are  the  derivatives  of  a  non- 
placeutal  stock.  This  leaves  unexplained  the  origin  of  the 
marsupial  vestigial  placenta. 


*  It  hus  been  stat«d  tliat  one  of  tlio  Juiussic  mammals  had  » 
reduced  tooth-replacement  like  tliat  of  modex-n  marsupials,  but  the 
minute  size  of  the  specimen  readers  the  evidence  indecisive. 
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Be  the  exact  relationship  between  the  creodouts  and  the 
marsupial  carnivores  what  it  may,  the  evidence  fully 
justifies  the  belief  that  the  two  have  a  common  ancestry, 
and  that  the  latter  have  given  rise  to  the  herbivorous 
members  of  the  same  great  group.  The  most  generalised 
marsupials  now  living  appear  to  be  the  American 
opossums,  which  we  know  from  fossil  evidence  to  be  an 
ancient  family;  and  it  is  believed  by  some  that  the  arboreal 
type  of  foot  possessed  by  these  animals  was  a  feature  of 
the  ancestral  marsupial  stock.  It  follows  from  this  (if  it 
be  well  founded),  that  if  marsupials  are  derived  from 
t-reodonts,  the  ancestral  members  of  the  latter  group  must 
likewise  have  possessed  feet  of  the  arboreal  type,  but  there 
is  no  evidence  that  such  was  the  case. 

It  has  thus  been  shown  that,  apart  from  details,  palaeon- 
tology enables  us  to  refer  such  widely  divergent  groups  as 
the  modern  marsupials  and  cai-nivora,  as  well  probably  as 
the  insectivora,  to  a  common  ancestry  ;  the  ancestral  type 
being  not  improbably  represented  by  the  early  Tertiary 
creodonts,  or  by  nearly  allied  forms  which  may  have 
existed  at  a  still  earlier  epoch. 

But  the  importance  of  the  creodonts  does  not  by  auy 
means  end  with  their  resemblances  to  the  true  carnivora 
on  the  one  hand  and  to  the  carnivorous  marsupials  on  the 
other.  They  are  equally  nearly  related  to  the  early 
Tertiary  ancestors  of  the  modern  ungulata  or  hoofed 
mammals,  the  so-called  condylarthra  of  the  American 
palaeontologists.  And,  indeed,  the  great  difficulty  con- 
nected with  the  study  of  the  early  Tertiary  mammals  of 
all  kinds  is  not  to  discover  relationships,  but  to  point  out 
differences ;  all  the  modern  ordinal  groups  appearing  to 
merge  more  or  less  completely  into  one  another  at  that 
comparatively  early  ejjoch  of  mammalian  history.  To 
describe  the  generalised  character  and  mutual  resem- 
blances of  these  early  Tertiary  mammals  in  an  article  like 
the  present  would,  however,  be  difficult  as  well  as  weari- 
some, and  it  must  suffice  to  record  the  important  fact  that 
the  further  we  recede  in  time  from  the  present  epoch,  the 
less  differentiated  become  the  different  groups  of  mammals. 
(To  be  continued.) 
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We  have  seen  that  a  representation  of  the  sky  itself  was 
deemed  the  only  vaulting  worthy  of  Justinian's  church ; 
and  it  now  remains  to  show  that  it  was  not  really  jiossible 
to  imitate  the  firmament,  with  ))rick  and  mortar,  better 
than  we  find  it  realized  in  St.  Sophia.  A  flattened  dome, 
resting  on  emptiness,  is  the  general  impression  which  the 
sky  leaves  to  mankind.  But  the  impossibility  of  a  close 
architectural  reproduction  of  that  impression  necessitated 
an  appeal  to  indirect  methods ;  and  thus  was  it  that  a 
recession  of  the  supports  became  the  only  available  struc- 
tural equivalent  of  emj)ty  space. 

In  this  connection,  it  is  important  to  remember  that  auv 
increase  in  number  of  the  supporting  arches  entailed  a 
corresponding  diminution  in  the  projection  of  the  penJen- 
tives ;  and  that  the  concomitant  effect  tended  to  defeat. 
in  some  measure,  the  very  idea  of  the  dome,  first  by 
exaggerating  the  visibility  of  its  supports,  and  then  bv 
causing  it  to  rest  directly  on  earth,  through  an  uncouth 
cylindrical  drum  or  tower.  Considerations  like  these  must 
have  been  always  present  in  the  mind  of  Anthemius  ;  and 
his  solution  of  the  problem  was  stamped  with  that  direct 


simplicity  so  characteristic  of  the  master  mind.  He 
obtained  the  "  flattened  "'  appearance  liy  limiting  to  108'^* 
the  arc  subten<leil  l)y  the  cujiola,  whose  height  thus 
equalled  only  one-fourth  of  its  diameter  :  and  he  secured 
a  maximum  of  aeriality  to  the  supports  by  inci'easing  the 
projection  of  the  triangular  peudentives  to  a  maximum, 
and  by  limiting  to  a  minimum  of  fi>ur  the  ninnber  of 
supporting  arches.  The  gentle,  but  I'onilile.  lightness  of 
the  effect  produced  liy  those  lofty  walls,  so  boldly  pro- 
jecting into  space,  is  further  enhanceil  by  the  vast  expanse 
of  the  semi-domes  to  east  and  west  and  the  arches  to  north 
and  south,  undermining,  so  to  say.  on  all  points  the  effec- 
tive supports  of  the  hemisphere.  Kesting  thus  everywhere 
on  sharply  receding  surfaces,  and  further  alleviated  by 
forty  windows  opened  at  its  liase,  the  lofty  dome  of  St. 
Sophia  has  well  remained  to  this  day  the  most  successful 
architectural  approach  to  the  air-borne  vault  of  the 
universe. t 

A  restoration  of  the  eastern  bay  of  St.  Sophia,  prior  to 
1204,  is  given  in  Plate  II.  The  view  point  is  the  same  as 
in  Plate  I.,  but  the  angle  embraced  is  much  smaller;  and, 
in  order  to  show  as  clearly  as  possible  the  details  of  tlie 
choir,  the  confusing  ocean  of  lamps  has  been  to  a  large 
extent  eliminated. 

In  the  centre  we  find  the  Ambo,  from  which  the  Gospel 
was  read,  and  where  the  Grreek  emperors  were  crowned,  t 
Much  uncertainty  is  veiling  the  form  of  the  pulpit, §  and 
the  representation  here  given  of  it  does  nothing  to  clear 
matters.      The  Ambo  has  been  di-awu  out  westwards  in 


*  This  value  was  increased  to  160°  is  the  reconstruction. 

t  It  is  perhaps  unnecessary  to  revert  to  the  fact  that  the  cross, 
mentioned  by  the  poet,  towered  majestically  above  the  dome,  as  the 
logical  coronation  and  trophy  of  the  Great  Church  of  Christendom ; 
and  that  the  All-Ruler  (Uavroxpiirap)  adorned  in  mosaic  the  inner 
circular  crown.  The  arguments  given  by  the  writer  on  pp.  30,  84  and 
91,  which  luck  of  space  has  rendered  laconical,  have  established  these 
truths  on  a  strong  basis.  Still  some  additional  evidence  would  not  be 
out  of  place  here.  Three  hundred  years  after  the  second  dedication 
of  »St.  Sophia,  Basil  tlie  Macedonian  raised  a  large  and  beautiful 
church  in  the  palace  of  Constantinople,  and  we  hear  from  tlie  patriarch 
Photius  that  no  cross,  but  a  Pantocrator,  was  depicted  inside  the 
dome  of  the  new  church.  Considermg  that  St.  Sophia  was  the 
standard  for  imitation,  and  that  its  example  was  law  in  such  matters, 
the  fact  mentioned  by  Photius  assumes  the  force  of  a  grave  objection 
to  Mr.  Burkitt's  theory  that  the  cross  was  inside,  and  that  the  dome 
of  St.  Sophia,  destitute  of  its  outer  cross,  looked  very  much  like  a 
modern  astronomical  observatory.  But  it  is  possible  to  bring  forward 
arguments  of  a  much  more  decisive  character  against  that  artificial 
position.  Du  Cange,  whose  extraordinary  accuracy  caused  liim  to 
write  nothing  without  proofs,  says  : — "  In  interiore  tholi.  .  .  centre.  .  . 
lustinianus  opere  musivo  Christum  in  Lride  sedentcm,  orbem  judi- 
cantis  efiigie,  describi  cm'avit,  ut  oiToirrai  testantur"  (.S'.  Sophia.  §  33). 
AVhat  more  can  we  ask,  as  corroboration  of  the  fact  that  the  Panto- 
crator was  originally  in  the  dome,  than  this  proof  of  ocular  witnesses  't 
Notwithstanding  this  converging  cWdence,  perhaps  the  strongest 
]iroof  that  the  cross  was  outside  is  afforded  by  an  examination  of  the 
Silentiary's  poem.     If,  as  suggested  by  the  writer  (on  the  authority  of 

Homer,    II.    P,    599-600:    "ypi^fitv  8e  oi  iurriav  ixp's  olxfxi)  Hov\u5o(iai'T05," 

"'  and  tlie  lance  of  Polydamas  cut  him  as  far  as  the  bone  "),  tYP«*«  was 
used  by  the  Silentiary  as  meaning  incised,  carved,  it  would  then  be 
probable  that  the  same  sense  may  occur  more  clearly  in  another  part 
of  the  poem.  Checking  our  anticipation  by  the  evidence  of  the 
hexameter,  we  find  it  verified  to  the  letter :  thus  between  verses  274 
and  294  we  learn  that  vp«*">'  is  used  as  a  synonym  of  xop""'""'',  to 
incise,  to  carve,  to  engrave,  and  that  x<>P<i<f<'«"'  means  to  cut  right  off, 
to  hew,  in  verse  246  of  the  "Descriptio  Ambonis."  And  last,  but  not 
least,  we  find  the  poet,  in  his  description  of  the  Ojmt  Sectilc  of  the 
gallery  (composed,  as  we  know,  of  inlaid  pieces  of  marble),  connecting 
the  verb  typa^t  with  its  subject  AaoTopoi,  sculptor,  whose  office  was 
certainly  not  to  paint,  but  to  tiore,  and  to  cut,  stones  with  a  chisel. 

I  Cantacuzemi.i,  ed.  Bonn,  pp.  196-202. 

§  It  is  not  certain  that  the  Ambo  of  St.  Sophia  differed  very  much 
from  the  great  pulpit  of  St.  Mark's,  Venice,  which  also  has  two  seta 
of  colonnades.  It  must  have  been,  however,  much  larger,  as  holding 
many  people  at  tlie  coronation  ceremony. 


h'liniile  li/c\ 


THE     EASTERN     BAY     OF     THE     GREAT     CHURCH, 
ST.     SOPHIA,     CONSTANTINOPLE. 

Probable    View   of   the    Choir    and    of   the    Sanctuary    in    the    tenth    century. 
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this  Plate,  so  as  uot  to  interfere  witb  the  view  of  the  Holy 
Sc-reeu  beyond.  Then  we  liave  the  enclosure  of  the  Soleas, 
on  each  side  of  which  were  the  Singers'  Stalls,  headed  by 
the  Imperial  Throne  and  its  two  lions  to  the  right.  The 
stalls  of  the  Choir  are  shown  to  continue  parallel  to  the 
axis,  and  not  curving  into  the  cylindrical  walls  of  the 
conchs,  as  in  that  case  tlie  voice  of  the  singers  would  be 
inaudible  from  some  points  of  the  nave.  Huge  caudle- 
sticlfs  would  stand  in  front  of  the  Iconostasis,  while  the 
Holy  Door  must  have  been  cr(.)wned  by  the  tAvo-headed 
Greek  Eagle. 

Lastly,  beyond  the  twelve  columns  of  the  Iconostasis, 
the  worshipper  would  see  towering  the  Ciborium  (baldachin) 
of  the  Altar,  siu'naounted  by  a  cross  resting  on  a  globe, 
symbol  of  the  expansion  of  Christianity  over  the  world's 
surface.* 

We  learn  from  the  Silentiary  that  originally  the  whole 
extent  of  the  first  floor  level  was  reserved  to  the  women. 
Gradually,  however,  the  increasing  numbers,  offices,  and 
requirements  of  the  clergy,  caused  tliem  to  invade  the 
galleries,  and  to  permanently  establish  themselves  in  the 
southern  and  south-eastern  divisions  of  the  right  aisle.  A 
fine  marble  screen,  still  extant,  separated  the  central  hall, 
or  Great  Secretum,  from  the  rest  of  the  Catechumena. 
while  the  dome  immediately  to  the  east  represented  tlK' 
Pentecost  in  mosaic — a  fitting  subject  to  the  ecclesiastical 
councils  and  to  the  Synod  (if  860,  held  in  this  part  of  the 
church. 

The  western  section  of  the  Gyneceum  was  known  hy  the 
name  of  Catechumena  of  the  Narthex,  as  extending  above 
the  vestibule.  We  know  that  veils  used  to  stand  here, 
screening  the  women  from  the  nave  below,  and  the  iron 
ties  of  the  bolts,  from  which  the  veils  were  suspended,  have 
been  seen  in  position  by  the  writer  in  1902,  both  on  the 
piers,  as  well  as  on  the  twin  columns  over  the  Royal  Gates. 

The  structure  is  full  of  symbolism,  and  the  reasons  for 
the  presence  of  lily,  vine  leaves,  fishes,  dolphins,t  etc.,  in 
the  decoration  are  obvious.  So  also  is  the  groupment,  or 
division,  in  three  of  the  windows.  Numbers  to  whom 
]5refereuce  was  given  seem  to  have  been  2,  3,  4,  6,  7,  8,  9. 
12,  It),  24,  32,  36,  40,  48,  60,  72,  96,  100,  120,  160,  18(t. 
220,  240,  260,  and  300.  The  mystic  number  40  is  repeated 
many  times : 

(1)  In  the  diameter,  in  Byzantine  feet,  of  the  cylindrical 
opening  of  the  eastern  apse  ; 

(2)  In  the  diameter,  in  feet,  of  the  fom-  exedras  ; 

(3)  In  the  length,  from  column  to  i-ohuiin,  of  the  corut'i' 
divisions  of  the  aisles  and  gallery  ; 

(4)  In  the  height  of  the  first  cornice  ; 

(5)  In  the  meau  height  of  the  vaulting  in  the  aisles  and 
Narthex; 

(6)  In  the  total  height  of  tlie  four  domes  in  tlie  angle.'^ 
of  the  first  floor; 

(7)  In  the  number  of  coluniiis  of  the  floor; 

(8j  In  tile  number  of  colnnuis  nf  tlie  gallery,  towards 
the  nave ;  and 

(9)  In  tile  numlx'i-  nf  rjlis,  piers  and  windows  of  the 
dome. 

According  to  the  writer's  own  iiieasureiueiits.  the  side 
of  the  square  area  covereil  by  the  peuih'utives  and  hy 
the  dome  is  102  Englisli  feet  and  2-4  inches,  or  311.5 
inetn'S.  Hut  this  reiiresentiMl  100  Hvzautiiie  feet.  Hence 
one  r.y/.anline  fool  is  e(iu;il  \n  1(12211  KnL;iisli.  or  CVSllo 
metres. 

*  The  true  mosaic  decoration  of  the  eastern  semi-dome  is  not 
known.  Plate  II.  gives  its  prescMit  dei-oration  by  Fossati,  wliile  the 
'■  Mystii'  Lamb,"  sliown  in  I'lato  I.,  is  merely  intended  to  symbolize 
our  agnosticism  on  the  subject. 

t  'I'he  dolphins  and  trident  of  Noptnno  were  an  old  emblem  of 
li\  /.antiiim. 


The  vaidting  of  the  church  rests  on  the  piers  and  outer 
walls,  as  well  as  on  104  coluums,  l)ut  of  which  only  96  are 
round.  Considering  that  this  quantity  is  the  multiple  of 
so  many  numljers  as  2,  3.  4,  6,  H,  12,  16,  24,  32  and  48  — 
all  favourite  numbers — its  choice  was  certaiuly  pre- 
meditated, and  not  tlie  result  of  chance. 

Fig.  8  shows  a  typical  mediajval  Greek  capital  with  the 
monogram  of  Justinian,  carved  out  of  the  marlile,  and 
repeated  on  the  brass  ring.  Probalaly,  as  remembrances 
of  paganism,  ancient  Greek  capitals  were  rejected. 

llie  great  verd-antique  shafts,  separating  the  nave  from 
the  aisles,  are  not  all  equally  strong.  Four  of  them  have 
a  diameter  of  42§  inches,  while  the  other  four  measure  only 
38j.  The  thin  columns  have  been  erected  in  the  centre  of 
the  sides,  the  stronger  ones  near  the  piers.  Still,  the  first 
impression  is  that  the  colonnades  are  uniform  ;  the]extreme 


Fu..  'J.— A  View  ul'  the  south-eastern  Kxodni,  and  of  the  Great 
I'orphu'v  Columns, showing  the  Singers'  Stalls  and  ihtatorion  in  the 
background,  at  the  time  of  the  Emperor  Coustautiue  rorphyrogeuitus. 

sliafts  seeming  reduced  in  thickness  through  the  dwarfing 
vicinity  of  the  piers. 

The'  treatment  of  the  supports  iu  the  four  e.xedras 
(Fig.  9)  required  much  more  delicacy,  inasmuch  as  it  was 
deemed  .lesinible  to  render  the  importance  of  the  conchs 
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subservient  to  that  of  tlie  great  central  colonnades  under 
tlie  dome  ;  and  yet  it  would  have  been  dangerous  to  tamper 
with  tlie  solidity  of  tlie  shafts,  since  it  is  on  the  exedras 
that  devolves  a  considerable  j)art  of  the  thrust  exerted  by 
the  great  arches,  peudentives  and  semi-domes,  and,  in- 
directly therefore,  of  the  dome  itself.  A  reduction  in 
height  and  diameter  of  the  exedra  columns  secured  their 
subordination  to  the  grand  colonnades ;  while  the  loss  of 
solidity  thus  inciUTed  was  in  some  measure  atoned  for  by 
the  judicious  choice  of  carmine  Theban  porphyry — the 
strongest  stone  used  in  the  chm-cli — as  an  eBective  check 
to  the  tremendous  weight  of  the  vaulting  above.* 

If  we  revert  to  oiu-  phm,  in  the  March  number  of 
Knowledge,  we  shall  find  that  the  abutments  of  the  dome 
are  fairly  satisfactory  on  all  sides ;  although  ill  calculated 
to  remain  uubuttrcssed  for  many  centuries  in  a  soil  visited 
by  frequent  and  violent  earthquakes.  But  the  abutments 
of  the  lateral  walls  will  be  judged  at  once  quite  inadequate 
to  the  wide  spans  of  the  aisles  and  galleries ;  a  defect 
further  aggi-avated  in  the  angles  by  the  additional  thrust 
of  the  exedras.  It  was,  therefore,  impossible  for  Justinian's 
church  to  have  stood  long  unbuttressed.  Trouble  must 
have  very  soon  made  itself  felt,  first  in  the  angles,  then 
in  the  midst  of  the  north  and  south  sides  as  well  as  to  the 
east,  right  and  left  of  the  Sanctuary,  and  lastly,  after 
several  centuries,  in  the  very  abutments  of  the  semi-domes 
and  of  the  dome.f  Historical  evidence  confirms  these 
deductions  to  the  letter.  We  find,  accordingly,  the  south 
porch,  and  of  course  the  lateral  ascents,  in  position  as  far 
back  as  the  reign  of  Theophilus,  275  years  only  after  the 
second  dedication,  whereas  the  sturdier  piers  of  the  nave 
opposed,  unbuttressed,  a  gallant  resistance  to  the  earth- 
quakes of  754  years. 

But,  in  framing  these  criticisms,  we  should  not  be  apt 
to  forget  that,  if  the  great  architect,  to  whom  we  owe  that 
marvellous  conception,  showed  himself  fallible,  in  under- 
estimating the  effects  of  thrust,  he  was  necessarily  lacking 
that  experience  which  we  acquire  to-day  by  a  mere  glance 
thrown  on  the  buildinss  of  his  time,  now  foui-teen  centuries 
old.  Domed  structures  in  the  beginning  of  the  sixth 
century  were  comparatively  new,  few,  and  unimportant. 
Nor  could  the  vast,  but  grovelling,  cupola  of  the  Roman 
Pantheon  yield  any  object  lesson  in  the  propping  of  an 
aerial  dome  at  the  height  of  130  feet. 

A  word  or  two  on  the  solidity  of  St.  Sophia  in  the 
present  day,  and  we  will  have  finished  with  these  disjointed 
fragments.  The  part  of  the  church  which  has  suffered 
most  is  the  south  angle,  where  the  column  of  the  gallery 
has  been  thrust  nearly  7°  out  of  the  vertical  (Fig.  10). 
But  a  strong  double  buttress,  rendered  immovable  by  the 
weight  of  the  minaret  erected  by  Mohammed  II.,  checks 
any  further  inclination  of  the  column.  The  arches  to 
north  and  south  are  smaller  by  28  feet  than  those  to  east 
and  west,  and,  having  j^roper  support  in  the  plan,  are 
fairly  strong.  As  in  the  past,  danger  is  to  be  looked  for 
in  the  great  open  arches  to  east  and  west.  Inasmuch  as 
the  four  main  piers  are  well  buttressed  from  without,  their 
failing  in  a  direction  parallel  to  the  lesser  axis  is  an 
impossibility.     The  age  of  the  eastern  arch  is  540  years, 

*  Probably  these  shafts  were  not  long  enough,  so  that  they  may 
have  facilitated,  or  even  decided,  the  subordination  in  question. 
In  his  work  on  Aya  Sofia,  Consfaniinople,  London.  1852,  p.  2, 
Fossati  Bays  that  during  the  reparations  conducted  by  him  from  1847 
to  1849,  he  brought  back  to  the  vertical  thirteen  columns  of  the 
Gyneceum  which  had  been  pushed  out  by  the. thrust  of  the  lateral 
arches.  G-reat  credit  is,  therefore,  due  to  Fossati  for  this  architectural 
triumph,  by  which  he  has  so  powerfully  contributed  to  the  con- 
solidation of  the  church. 

t  In  his  restoration  of  the  exterior  for  1300  (Fig.  3)  the  writer  has 
eliminated  part  of  the  buttressing  of  the  aisles,  with  a  view  to 
showing  as  clearly  as  possible  the  original  design  of  the  church. 


and  this  part  of  the  vaulting  seems  to  be  in  excellent 
state,  as  the  stone  masses  erected  by  Andronicus  Paleologos 
consolidate  all  the  east  front.  But  the  western  arch  is  920 
years  old,  and  notwithstanding  its  buttressing,  together 
with  the  great  niche,  by  an  additional  thickness,  has  been 
deformed  by  the  thrust  of  the  cupola,  the  result  being  an 
exaggerated  concavity  of  the  semi-dome.  Moreover,  this 
arch  has  suffered  much  during  the  earthquake  of  1894, 
and  its  last  repair  has  necessitated  the  removal  of  the  fine 


Flu.    10. — Dangerously-inclined   Column   in   the   rigiit-hana 
Catechumena,  or  first  floor  level. 

mosaic  eikou  of  the  Virgin  at  the  crown.  And  thus  it  is 
that  tlie  possibility  of  an  eventual  rupture  of  equilibrium 
along  the  major  axis,  to  the  west,  is  the  chief  cloud  in  the 
solidity  of  the  edifice.  Still,  the  danger  is  certainly  far 
from  imminent,  so  that  there  are  excellent  reasons  to  hope 
that  the  veneralile  dome  of  the  Eternal  Wisdom,  hallowed 
hy  the  universal  verdict  of  nations,  and  reverenced  by  the 
ravages  of  time,  will  continue  inciting,  for  long  centuries 
to  come,  the  pious  fondness  and  genuine  admiration  of 
mankind. 


MODERN     COSMOGONIES. 

By  Agnes  M.  Cleeke. 

II.— CRITICISMS   OF    THE   NEBULAE 
HYPOTHESIS. 

Laplace's  theory  was  a  perfectly  definite  conception.  In 
this  lay  its  distinctive  merit ;  in  this  also  its  special  sus- 
ceptibility to  attack.  Here  was  no  question  of  condensa- 
tions round  nuclei  arising  at  discretion  amid  the  large 
possibilities  of  boundless  elemental  confusion ;  but  of  an 
orderly  succession  of  occurrences,  rendered  inevitable  by 
the  steady  operation  of  mechanical  laws,  and  harmonising, 
in  their  outcome,  with  the  array  of  ascertained  phenomena 
visible  in  the  planetary  system.    These,  accordingly,  ceased 
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to  be  regarded  as  arbitrary  or  casual ;  they  became  linked 
together,  in  the  present,  and  with  the  past,  as  joint  pro- 
ducts of  one  grand  scheme  of  development.  The  mode  of 
origin  of  the  bodies  exhibiting  them  accounted,  its  inventor 
claimed  to  have  shown,  simply  and  entirely  for  them  all ; 
and  at  least  the  fundamental  propositions  laid  down  by 
him  could  not  be  gainsaid.  Clearly,  the  unanimity  of 
planetary  movements  is  no  result  of  chance ;  it  represents, 
quite  obviously,  a  survival  of  the  general  swirl  of  an 
inchoate  mass,  occupying  primitively  tlie  whole  recognised 
sphere  of  solar  influence.  Ambiguities  set  in  only  when 
details  come  to  be  considered.  The  engendering  nebula 
devised  by  Laplace  was  provided  with  a  vast  endowment 
of  heat,  and  a  slow  movement  of  rotation  ;  hence  cooling, 
contraction,  and  acceleration  advanced  pari  i)assu,  the  last 
as  a  consequence  of  the  dynamical  law  by  which  the 
algebraic  sum  of  the  areas  described  by  any  number  of 
bodies  round  a  given  a.\is,  multiplied  by  their  several 
masses  and  projected  upon  a  single  plane,  remains  constant 
to  the  end  of  time.  In  other  words,  the  moment  of 
momentum  of  a  congeries  of  particles  can  neither  increase 
nor  diminish,  unless  through  the  action  of  an  external 
force. 

The  nebula  then  quickened  its  pace  until  a  stage  was 
reached  at  which  centrifugal  speed  could  no  longer  be 
controlled  liy  gravity  ;  separation  became  inevitable,  and 
an  equatorial  ring  was  abandoned,  which  thenceforward 
revolved  on  its  own  account  in  the  period  conformed  to  by 
the  undivided  mass  at  the  epoch  of  its  secession.  This 
was  the  first  of  many  subsequent  crises  of  instability,  each 
eventuating  in  the  detachment  of  a  nebulous  ring  These 
rings,  however,  were  regarded  as  merely  transitional  forms. 
They  survived,  just  for  illustrative  purposes,  in  the 
Saturnian  system  ;  elsewhere  they  broke  up  into  fragments 
which  ultimately  coalesced  into  globes;  and  the  globes  were 
embryo  planets.  There  was  indeed  a  hitch  in  the  line  of 
argument  which  did  not  escape  the  acumen  of  the  French 
geometer.  The  direction  of  the  axial  movement  imparted  to 
the  members  of  the  solar  family  depended  essentially  upon 
the  relative  velocities  of  the  portions  of  matter  brought 
together  for  their  construction.  If  the  inner  sections  of 
tlie  self-shaping  mass  moved  faster  than  the  outer,  the 
resulting  rotation  should  have  been  retrograde  ;  if  slower, 
direct  rotation  would  have  ensued.  Now,  in  a  ring  like 
that  of  Saturn,  composed  of  discrete  particles,  linear  speed 
decreases  continuously  outward,  each  of  its  minutest 
constituents  obeying  independently  Kepler's  law  of  periods 
and  distances.  Such  a  formation  would  therefore  have 
Iieen  unfit  for  the  purpose  in  view,  and  Laplace  accordingly 
substituted  an  annulus  endowed  with  a  considerable 
amount  of  cohesion,  and  capable  of  rotating,  like  a  solid, 
in  a  single  period.  It  is  true  that  such  unanimity  of 
movement  was  incompatible  with  the  other  postulated 
conditions  ;  but  the  anomaly  escaped  notice  for  above  half 
a  century. 

The  prescribed  genetic  process,  at  any  rate,  whether 
workable  or  not,  was  a  strictly  regulatetl  one  ;  its  steps 
were  marked  with  characteristic  precision.  Yet  by  this 
very  determinateness  it  gave  hostages  to  the  future.  It 
challenged  the  application  of  tests  which  designs  more 
viiguely  sketched  might  have  evaded.  The  primary 
criterion  of  its  truth  was  the  prevalence  of  concordant 
motion  throughout  the  solar  domain.  The  possibility  of 
counter-currents  was  formally  excluded.  Hence  the  dis- 
covery of  the  retrograde  systems  of  Uranus  and  Neptune 
Hatly  contravened  its  pretensions  to  unconditional  accep- 
tance. With  less  evidence,  but  equal  certainty,  Laplace's 
hypothesis  involves  the  consequence  that  each  planet 
circulates  in  the  identical  time  occupied  by  the  rotation  of 
the  undivided  nebula  just  before  instability  toppled  over 


into  separation.  Each  of  the  planetary  periods  should 
accordingly  bear  a  certain  ratio,  prescribed  by  inexorable 
mechanical  law,  to  the  actual  period  of  the  sun's  rotation. 
In  point  of  fact,  however,  the  periods  in  question  are  much 
shorter  than  comports  with  the  necessity  for  the  conserva- 
tion from  age  to  age  of  the  system's  moment  of  momentum. 
The  discrepancy  was  adverted  to  forty-two  years  ago  by 
M.  Babinet.*  He  showed,  in  March,  1861,  that  the  axial 
movement  of  the  solar  mass,  when  distended  to  fill  the 
sphere  of  Neptune,  should  have  been,  by  the  law  of  areas, 
so  excessively  slow  that  more  than  27,000  centuries  would 
have  Ijeen  needed  for  the  completion  of  a  single  rotation  ; 
while  the  period,  even  when  the  shrinking  nebula  had  come 
to  be  bounded  by  the  terrestrial  orbit,  must  still  have  lieen 
protracted  to  3181  years.  Under  these  circumstances, 
centrifugal  force  would  never  have  over-balanced  central 
attraction ;  no  rings  couLi  haye  separated,  and  no  planets 
could  have  been  formed. 

Quite  recently,  Mr.  F.  R.  Moulton  of  Chicagof  has 
reconsidered  the  subject  iu  the  course  of  a  careful  and 
candid  discussion  of  the  difficulties  besetting  the  Nebular 
Cosmogony  as  viewed  from  the  standpoint  of  modem 
science,  and  he  comes  to  essentially  the  same  conclusion. 
His  calculations,  though  founded  on  data  expressly  chosen 
so  as  to  give  the  classic  theory  the  loenefit  of  every  douttt, 
made  it  perfectly  clear  that  the  moment  of  momentum  of 
the  embryo  planetary  system  should  have  exceeded  its 
present  value  no  less  than  213  times  if,  when  it  extended 
to  the  distance  of  Neptune,  it  rotated  in  what  is  now  the 
pei-iod  of  Neptune.  But  moment  of  momentum  is  a 
constant  The  lapse  of  millions  of  years  makes  no  differ- 
ence to  it ;  it  can  neither  have  increased  nor  diminished 
since  the  sky  was  first  flecked  with  the  "  breath-stain  " 
that  was  appointed  to  condense  into  our  sun,  which,  at 
every  stage  of  its  subsequent  evolution,  must,  iu  this  respect 
at  least,  have  maintained  immutability.  On  the  other 
hand,  this  teing  so,  its  primeval  wheeling  motion  would 
have  been  much  too  leisurely  to  permit  the  occurrence  of 
accesses  of  instability.  Gravity  would  have  steadily  kept 
its  supremacy  over  the  forces  tending  to  disruption  until 
the  nebula  had  contracted  to  less  than  the  compass  of  the 
Mercurian  sphere  ;  and  its  overthrow  at  that  epoch  would 
have  been  too  late  for  the  origination  of  any  of  the  sister- 
orbs  of  the  earth.  These  results,  it  is  tnie,  depend  in  part 
upon  the  mode  of  variation  in  density  ascribed  to  the 
progressively  shrinking  nebula ;  but  the  law  adopted  by 
Mr.  Moulton  has  a  consensus  of  authorities  in  its  favour. 
Nor  could  its  deviation  from  exactitude — if  it  be  inexact  — 
possibly  suffice  to  account  for  the  enormous  discrepancies 
brought  to  light  by  its  aid. 

The  Nebular  Hypothesis  stipulates  further  that  satellites 
must  revolve  more  slowly  than  their  primaries  rotate.  The 
reason  is  patent.  In  the  periodic  time  of  a  detached  boily 
the  rate  of  gyration  of  the  original  mass  is,  if  the  theory 
be  valid,  perpetuated.  Subsequent  conti-action  tends  to 
quicken,  and  very  greatly  to  quicken,  the  rotation  of  the 
planet,  while  the  period  of  the  satellite  survives  unaltered 
as  a  standing  record  of  what  the  joint  period  was.  This 
relation  may  indeed  be  modified  hy  the  effects  of  tidal 
friction  ;  but  it  is  more  than  doubtful  whether  it  can  ever 
be  reversed.  It  is,  then,  a  characteristic  feature  of  the 
mode  of  evolution  descril>ed  by  Laplace  that  no  month — 
so  to  speak— can  l>e  shorter  than  the  corresponding  day. 
And  the  rule  is  conformed  to  in  nearly  every  part  of  the 
solar  system.  Nevertheless,  two  flagrant  violations  of  it 
have  lately  obtruded  themselves  upon  notice,  and  can 
scarcely  be  explained  away  by  supplementary  hypotheses. 


•  CompUt  Sendus,  t.  LI  I.,  p.  481. 
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The  first  ascertaiued  anomalv  of  the  kiud  was  met  with  iu 
the  swift  circulation  of  Phobos,  the  inner  satellite  of  Mars, 
which  completes  three  revolutions,  and  enters  upon  a 
fourth,  while  the  planet  attended  by  it  wheels  once  i>n  its 
axis.  The  fact  is  most  perplexing ;  and  the  confident 
persuasion  that  solar  tidal  friction  would  avail  to  remove 
the  difficulty  has  not  proved  well  i,'rounded.  Solar  tidal 
friction,  it  may  be  remarked,  acts  as  an  external  force  upon 
subordinate  systems  submitted  to  its  influence.  Within 
their  precincts,  moment  of  momentum  may  be  destroyed  by 
it ;  and  it  was  hence  a  feasible  supposition  that  tlie  rotation 
of  Mars  had,  in  the  course  of  ages,  greatly  slackened 
through  the  retarding  effect  of  sun-raised  tides.  But  the 
agencv  was  demonstrably  inadequate  to  the  task  assigned 
to  it.  '  The  reduction  of  the  rotational  moment  of  Mars  to 
about  one  twenty-fifth  its  primitive  amoimt*  would  have 
brought  other  consequences  in  its  train,  at  least  one  of 
which  did  clearly  not  ensue.  At  an  early  stage  of  the 
process,  Phobos  should  have  been  re-engulfed  in  the  parent 
body.f  For  the  p>dl  of  the  small  tidal  wave  raised  by  it 
on  the  surface  of  that  body  would  have  been  backward 
from  the  instant  that  the  balance  of  periods  became 
inclined,  through  solar  compulsion,  in  a  direction  contrary 
to  that  it  would  naturally  have  taken  ;  and  the  loss  of 
velocity  must  have  entailed  its  descent,  along  a  spiral  path, 
towards  an  inevitable  doom.  The  continued  existence, 
then,  of  the  little  satellite  closes  this  way  of  escape  from 
the  difficulty  raised  by  the  shortness  of  its  period.  M.  Wolf 
liad  recourse  to  a  different  explanatory  subterfuge. J  He 
believed  that  Phobos  might  have  owed  its  origin  to  one 
of  Eoehe's  "elliptic  sheddings"  of  nebulous  matter 
dropped  downward  from  near  the  polar  regions  of  the 
distended  Martian  spheroid,  and  rotating,  owing  to  its 
low  rate  of  linear  speed,  in  the  immediate  vicinity  of  the 
cooling  planet.  The  explanation,  though  ingenious,  is  too 
recondite  and  evasive  of  mental  grip  to  be  satisfactory. 

The  Saturnian  system  exhibits  a  case  of  the  same  kind, 
but  still  more  perplexing  to  speculative  prepossessions. 
Saturn's  ring  system  has  always  appealed  to  thinkers  as  a 
striking  object-lesson  in  nebular  development.  It  forcibly 
arrested  Kant's  attention,  and  he  sketched  its  birth-history 
on  lines  anticipatory  of  those  adopted  by  Laplace  for  the 
solar  system  iu  its  entirety.  Laplace  himself  regarded  the 
formation  as  the  one  surviving  relic  of  the  annular  stage 
of  planet-building — as  a  witness  from  the  dim  past  to  a 
condition  of  things  elsewhere  transitory.  Tet  the  witness 
has  turned  king's  evidence,  and  betrayed  the  whole  situa- 
tion. The  innermost  Saturnian  ring  has  a  period  far  too 
short  to  lie  compatible  witli  the  requirements  of  theory. 
For  its  meteoric  constituents,  which  are  known  to  revolve 
as  independent  units,  complete  their  circuits  iu  between 
five  and  six  hours,  while  the  planet  needs  just  10|  for  its 
axial  rotation.  Moreover,  tidal  friction  is  here  far  less 
available  than  on  Mars  ;  yet  no  other  retarding  agency  has 
Ijeen  invented.     The  deadlock  appears  final  and  hopeless. 

An  objection  quite  as  formidable,  and  even  more  funda- 
mental, was  raised  by  Kirkwood  in  1869.  The  nebulous 
material  of  the  uncondensed  sun  must  have  been,  at  the 
outset,  of  the  last  degree  of  tenuity.  Atmospheric  air  is, 
by  comparison,  a  dense  and  massive  substance.  Yet  no 
reasonable  person  could  ascribe  to  aerial  matter  the  least 
power  of  resisting  strain.  We  know  perfectly  that  a 
rotating  globe  of  air,  and,  a  fortiori,  a  globe  of  matter 
thousands  of  times  less  compact  than  air,  would  uninter- 
mittently  disintegrate  at  the  surface  with  the  progress 
of  acceleration.      The   disturbance    and    restoration    of 

*  ^ovXton,  Asfrojihi/ncal  Journal,  Vol.  XI.,  p.  110. 
+  Nolan,  Nature,  Tol.  XXXIV.,  p.  287. 
;  Bull.  Astr.,  t.  II.,  p.  223. 


equilibrium  would  be  virtually  simultaneous.  There  could 
lie  no  accumulation  of  internal  stress,  and  consequentlv 
no  distinctly  separated  epochs  of  instability.  At  the  first 
solicitation,  at  the  first  instant  that  centrifugal  velocity 
gained  the  upper  hand  over  gravity,  nebulous  wisps  would 
have  become  detached  ;  and  their  detachment  would  have 
gone  on  without  pause.  Space  would  have  been  strewn 
with  the  di'hris  of  the  condensing  nebula  ;  and  there  should 
have  resulted  a  vast  cloud  of  cosmic  dust,  not  a  majestic 
array  of  i-evolving  spheres. 

Moreover,  even  if  the  nebulous  material  had  possessed 
the  fabulous  cohesion  indispensable  for  its  division  into 
voluminous  rings  with  wide  intervening  empty  gaps,  their 
ultimate  agglomeration  into  planetary  globes  would  never 
have  lieen  eii'eclually  accomplished.  Kirkwood  long  ago 
questioned  the  feasibility  of  the  process  ;  Mr.  Moulton  has 
gone  far  towards  demonstrating  that  it  must  have  had  an 
abortive  outcome. 

Another  grave  objection  to  Laplace's  scheme  is  founded 
ou  the  marked  deviations  visible  in  the  solar  system  from 
conformity  to  a  fundamental  plane  of  motion.  Apart 
from  unexplained  modifying  influences,  all  the  planets 
should  circulate  along  the  level  of  the  sun's  equator,  and 
rotate  on  axes  perpendicular  to  it.  How  far  this  is  from 
being  realised  in  nature  we  have  only  to  look  around  us  to 
perceive.  We  owe  the  changes  of  our  seasons  to  the  tilted 
fashion  of  the  earth's  spinning.  Yet  it  is  by  no  means  easy  to 
understand  how  the  pole  of  its  equator  comes  to  be  situated 
in  the  Tail  of  Ursa  Minor,  while  the  pole  of  the  ecliptic  is 
involved  in  the  folds  of  Draco.  They  should  have 
coincided  if  the  simple  prescription  of  the  Nebular  Hypo- 
thesis had  been  followed  in  the  making  and  modelling  of 
the  planets.  Nor  are  the  terrestrial  arrangements 
exceptional.  The  Saturnian  equator  and  the  Saturnian 
rings  have  a  still  higher  inclination  ;  while,  in  the  systems 
of  Uranus  and  Neptune  —  since  we  may  thus  interpret  their 
retrogade  revolutions — the  angle  exceeds  the  limit  of  a 
cjuadrant.  These  and  other  similar  discrepancies  prove 
the  solar  mechanism  to  have  originated  by  a  more  complex 
method  than  that  imagined  by  Laplace  ;  and  an  hypothesis 
which  invokes  the  aid  of  a  multitude  of  auxiliary  devices 
for  its  extrication  from  accumulating  embarrassments  falls 
thereby  under  the  suspicion  of  not  being  worth  the  trouble 
of  extricating.  It  forfeits,  at  any  rate,  all  claim  to  com- 
mendation for  directness  and  simplicity. 

The  Cosmogony  turned  out  at  Paris  has  thus  proved 
^Tilnerable  on  a  number  of  point  s  ;  but  all  the  blows  aimed 
at  it  have  not  told  with  such  deadly  effect  as  those  just 
referred  to.  Some  have  fallen  harmlessly,  or  glanced 
aside.  One  hostile  argument  in  particular,  which  for  a 
time  seemed  irresistible,  has  been  completely  overthrown 
by  the  logic  of  facts,  and  deserves  mention  only  as  a 
historical  curiosity.  Towards  the  middle  of  the  nineteenth 
century,  the  progress  of  sidereal  astronomy  seemed  to  take 
the  direction  of  showing  all  nebulae  indiscriminately  to  l>e 
of  stellar  composition.  With  Lord  Rosse's  great  reflectors, 
a  good  many  such  objects  were  genuinely,  and  some 
Ijesides  were  decejitively,  resolved  into  stars,  the  illusory 
effects  being  contirraed  \>\  Bond's  observations  with  the 
deservedly  celebrated  fifteen-inch  refractor  then  recently 
built  by  Merz  for  Harvard  College.  Hence  the  rash 
inference  was  drawn  that  resolution  was  wholly  a  c^uestion 
of  optical  power,  and  that  no  real  distinction  existed 
between  the  stellar  and  the  nebular  realms.  Herschel's 
•■  shining  fluid  "  assumed  a  mythical  air  ;  "  island- 
universes  "  came  into  popular  vogue  ;  and  all  but  a  few 
careful  thinkers  held  nebulae  and  clusters  to  be  differentiated 
merely  by  degrees  of  remoteness.  But  if  space  contained 
onlv  full-grown  stars,  and  no  stars  iu  the  making — 
no   star-spawn,    no   star-protojilasm — then    the   imagined 
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evolutionary  history  of   our   system  was   left  in   the  air, 
destitute  of  even  the  most  fragile  prop  of  observed  fact. 

From  this  precarious  position  it  was  rescued,  partly  by 
the  cogent  reasonings  of  Whewell  and  Herbert  Spencer, 
finally  and  triumphantly  by  Sir  William  Huggins's 
spectroscopic  discovery  of  the  cosmic  gas  "  nebulium." 
Since  August,  1864,  there  has  been  no  possibdity  of 
denying  that  the  heavens  contain  ample  stores  of  just  the 
kind  of  material  Laplace  wanted,  though  whether  it  played 
just  the  part  he  assigned  to  it,  in  the  manner  that  he 
supposed,  is  a  question  to  be  answered  with  profound  and 
growing  reserve. 

An  objection  of  late  m-ged  against  the  Nebular  Theory, 
from  the  standpoint  of  the  kinetic  doctrine  of  gaseous 
constitution,  is  of  much  speculative  interest.  From  a 
gaseous  nebula  equal  in  ma<s  to  the  sun  and  planets,  and 
distended  sufficiently  to  fill  the  orbit  of  Neptune,  there 
should  have  been,  if  the  prevalent  opinion  be  correct,  a 
rapid  leakage  into  space  of  its  lighter  ingredients.  Of 
hydrogen  and  helium,  we  are  told,  it  should  infallibly  have 
become  depleted  ;  yet  there  is  no  lack  of  either  in  the  sun 
of  the  twentieth  century.  Their  retention,  it  must  be 
admitted,  is,  on  the  hypothetical  conditions,  difficult  to 
account  for.  The  "critical  velocity"  at  the  limiting  surface 
of  the  supposed  nebida  would  have  been  48  miles  a  second. 
Tliis  is,  in  fact,  at  the  distance  of  Neptune,  parabolic 
speed.  The  planet  itself,  if  it  could  attain  to  it,  would 
break  the  bonds  that  bind  it  to  the  sun,  and  seek  its 
fortunes  under  some  different  allegiance.  Similarly,  any 
particle  <if  the  primitive  nebula  thus  accelerated  should 
have  become  an  irreclaimable  vagrant.  Now  the  velocity 
of  hydrogen-molecules  at  the  zero  of  Centigrade  is,  in  the 
mean,  about  1 J  miles  a  second,  Init  attains,  in  the  extreme, 
to  above  seven  miles.  Hydrogen  could  not  then  have  been 
permanently  retained  by  the  solar  nebula;  and  the  escape 
of  helium  would  have  more  slowly  ensued.  Yet  these 
results,  though  seemingly  inevitable,  did  not,  in  actual 
fact,  come  to  pass  ;  either  Ijecause  the  generating  body 
was  diiferently  constituted  from  what  has  been  supposed, 
or  because  countervailing  influences  were  brought  to  bear. 
It  is,  for  instance,  amply  possible  that  the  dynamical  con- 
dition of  gases  may  be  essentially  modified  by  rarefaction 
carried  to  a  degree  transcending  the  range  of  experimental 
investigation.  The  progress  of  science  affords  many  warn- 
ings against  trusting  implicitly  to  the  rule  of  continuity. 
Curves  of  change  seldom  preserve  indefinitely  a  uniform 
character.  Their  unexplored  sections  may  include  quite 
unlooked-for  peculiarities  of  Hexure  ;  and  the  possil>ility 
seriously  undermines  confidence  in  inferences  depending 
upon  "  extrapolation."  The  presence  of  hydrogen  and 
helium  in  our  system  cannot,  then,  be  ranked  among  fads 
incontestably  contradictory  of  the  Nebular  Hypothesis. 

The  concerted  advance  of  mathematical  astronomy  during 
the  eighteenth  century  was  effected  with  the  confident 
serenity  of  irresistible  power.  One  after  another,  the 
obstacles  barring  its  path  went  down  before  repeated  and 
skilful  onslaughts,  the  uubrol;en  succession  of  wliidi  lends 
a  certain  exultant  sameness  to  the  story  of  the  heroic  ago  of 
analysis.  The  Mecanique  Ci' teste  attested  "  victory  all  along 
the  line.''  There  were  no  more  worlds  to  conquer  that 
Laplace  knew  of;  the  reign  of  gravitational  law  was  firmly 
establisheii  throughout  the  solar  dominions ;  menaced 
revolts  hal  beau  appeased;  anomalies  removed;  no  extant 
obiervations  any  longer  impaired  the  perfect  harmony 
between  what  was  anl  what  had  been  antic ipate<l.  Nature 
for  th';  moment  submitted  readily  t)  the  trammels  put 
upon  her  l)y  human  tliought:  her  intricacies  no  longer 
seem()d  to  defy  uuravehnent ;  her  moles  of  procedure 
looked  straightforward  and  iutalUgible.  As  they  were 
julgjl  to  bs  in  the  present,  so  th^y  might  bs  prjsamei  to 


have  been  in  the  past ;  and  the  temptation  was  irresistible 
to  adventure  backward  speculation,  inferring  initial  con- 
ditions from  the  elaborated  product  laid  open  to  scrutiny. 

It  was  an  epoch  of  peremptory  renewals.  The  formula 
of  equality  promised  to  regenerate  society ;  a  political 
panacea  had  been  found  by  the  creation  of  a  Republic 
"one  and  indivisible";  and  the  success  of  the  guillotine  in 
securing  its  supremacy  was  almost  outdone  by  the  triumphs 
of  the  calculus  in  vindicating  the  ixoimpeded  sway  of 
gravitation. 

Humanity  had  made  a  fresh  start ;  science  should  do 
likewise.  The  sanguine  spirit  of  a  rejuvenated  world 
animated  all  forms  pf,  human  endeavour.  It  has  long 
since  evaporated.  Tiir  biiiiyaiit  hopes  i.if  a  century  back 
have  been  crusln'il ;  tin-  future  .■!■  civili/ati.m  looks  dim; 
the  future  of  lijnowlf-il^'f  in  ^'oiupiouii-Ml  hv  its  uncertainty. 
But  we,  at  any  rait,  no  loiij^'er  ilflmlo  omselyes  with  the 
idea  that  he  who  runs  niiiy  rcu'l  the  secrets  of  the 
universe;  «e  have  learned  by  coaviuciug  experience  how 
much,  and  how  variously,  "the  subtlety  uf  nature  trans- 
cends the  subtlety  of  sense  and  intellect';  we  are  vividly 
aware  that  there  is  no  single  and  simple  recipe  for  the 
"  cosmification  "  of  chaos. 

That  devised  by  Laplaee  has  ceased  to  1«  satisfactory. 
Its  simplicity,  at  first  sight  so  seductive,  leaves  it  at  a 
disadvantage  compared  with  the  intricacy  of  the  effects  it 
was  designed  to  elicit.  The  relations  claiming  explanation 
have  multiplied  with  the  progress  of  research.  Those  of 
the  dynamical  order  were  alone  attended  to  by  the 
geometers  of  the  eighteenth  century,  and  even  they 
have  grown  recalcitrant ;  while  those  of  a  physical  and 
chemical  kind  have  proved  wholly  unmanageable.  It  has 
indeed  become  abundantly  clear  that  the  series  oi  opera- 
tions described  liy  Laplace  could  scarcely,  under  the  most 
favourable  circumstances,  have  been  accomplished,  and 
in  a  thin  nebulous  medium  would  have  been  eutirely 
impossible.  The  Nebular  Cosmogony  has  not  then  stood 
"  Foursquare  to  all  the  winds  that  blew." 

Its  towers  and  liattlements  have  crumbled  liefore  the 
storms  of  adverse  criticism.  It  survives  only  as  a  wreck, 
its  distinctive  features  obliterated,  although  with  the  old 
flag  still  Hying  on  the  keep.  In  the  nextfhapter  we  shall 
attempt  a  survey  of  the  works  set  on  foot  for  ita 
reconstruction. 


Itetters, 


[The  Editors  do  not  hold  themselves  responsible    for  the   opinions 
or  statements  of  correspondents.] 

MAN'S    PLACE    IN   THE    UNIVERSE. 

TO   THE  EDITORS   OF  KNOWLXDGK. 

Sirs, — As  I  do  not  wish  your  readers  to  suppose  that  I 
have  altered  the  words  of  an  author  whom  I  quote  in  order 
to  make  them  agree  more  closely  with  my  own  opinions, 
will  you  permit  me  to  state,  in  reply  to  Mr.  Maunder's 
criticism  of  my  article  in  the  Fortnigttttij  Review,  that 
when  that  article  was  sent  to  press  I  had  not  seen 
Prof.  Newcoml)'s  book  on  "The  Stars";  but  I  quoted 
from  his  "Chapters  on  the  Stars,"  which  appeared  in  The 
Pojyular  Science  Moiillity.  The  quotation  beginning  "If 
we  should  blot  out,"  is  verbatim,  as  at  page  323  of  that 
periodical  for  January,  1001,  except  that  I  have,  inadver- 
tently,  substituted  "  Milky  Way  '  for  "  galaxy." 

A  "writer  in  the  Daity  Neirs  of  March  31st  has  so  well 
answered  Mr.  Maunder's  criticisms  that  it  is  imnecessarr 
for  me  to  refer  to  them  here.  I  am,  however,  indebted 
both  to  Mr.  Maunder  and  to  Prof.  H.  H.  Turner,  who  has 
criticised  my  article  in  this  mouth's  Fortnightly,  b.^cause. 
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although  I  consider  their  objections  to  be  rather  weak,  and 
with  one  exception  not  much  to  the  point,  tliey  are  yet  of 
great  use  to  me,  as  showing  me  where  my  argument  needs 
streugtheuiug  or  where  I  am  likely  to  be  misunderstood. 

In  a  volume  I  am  now  preparing  I  hope  to  be  able  to 
present  my  views  in  a  more  complete  and  more  convincing 
manner. 

Broadstone,  Dorset,  Alfred  R.  Wallace. 

April  8th,  1903. 


TO  THE   EDITORS    OF   KNOWLEDGE. 

Sirs, — Dr.  A.  R.  Wallace's  biological  investigations 
have  been  elevated  and  illuminated,  throughout  their  long 
course,  by  liis  strong  appreciation  of  the  incomparable 
moral  dignity  of  Man.  And  this,  too,  is  the  inspiring 
thought  of  his  recent  article  in  the  Fortnighlly  Review. 
It  rises  beyond  discussion ;  welcome  assent  is  the  only  fit 
attitude  of  mind  towards  it.  But  the  profound  significance 
of  human  life  would  be  no  whit  impaired  by  assigning  to 
the  scene  of  its  expansion  an  eccentric  position  in  the 
universe;  and  a  central  position,  as  Mr.  Maunder  has 
shown  in  Knowledge,  and  Prof.  Turner  in  the  Fortnightlq 
Review,  can  belong  only  momentarily  to  a  moving  body. 
Nor  can  it  reasonably  be  supposed  that  the  conditions  of 
vitality  deteriorate  with  remoteness  from  the  centre.  In 
the  actual  throng  of  the  Milky  Way,  indeed,  a  peopled 
planet  might  be  exposed  to  perils  from  "  furious  driving," 
or  subtler  obstructions  to  traffic.  Within  its  ambit, 
liowever,  there  is  "  room  and  verge  enough  "  for  the 
unimpeded  travelling  of  many  millions  of  globes,  freighted 
though  they  may  be  with  superhuman  destinies. 

But  has  the  universe  a  centre?  In  other  words,  is  it  of 
limited  dimensions  ?  Dr.  Wallace  avers  that  it  is.  His 
arguments  are,  nevertheless,  contravened  by  the  high 
astronomical  authorities  just  referred  to.  The  all- 
pervading  illumination  of  the  sky-ground,  which  should 
attest  the  shining  of  infinitely  niuuerous  suns,  would  be 
prevented,  they  agree  in  considering,  by  the  intercepting 
action  of  an  equally  infinite  number  of  dark  bodies. 
These,  however,  cannot  be  supposed  to  screen  off  gravita- 
tioiud  influences ;  they  should,  on  the  contrary,  reinforce 
them.  Hence,  every  body  in  space  would  be  acted  on  by 
infinite  forces,  soliciting  it  to  move  in  every  direction  at 
one  and  the  same  time.  Cosmical  paralysis  would  result ; 
the  "  constellated  Sims''  would  stand  stock  still;  unless 
we  make  the  hazardous  assumption  that  a  finite  attraction, 
super-added  to  an  infinite  sum  of  attractions,  might  avail  to 
determine  velocity.  That  is  to  say,  neighbouring  stars 
might  exert  effective  pulls  upon  each  other  irrespectively 
of  the  equilibrating  pull  of  a  measureless  universe. 

There  is,  however,  little  profit  in  dwelling  upon  this 
baffiing  aspect  of  the  question  ;  clearer  evidence  is  before 
our  eyes.  Everywhere  in  the  heaveas  structural  relations 
are  manifest.  Architectural  design  is  traceable  in  them  ; 
they  have  parts  fitted  in  together  to  form  a  vast  yet 
limited  whole.  The  Galaxy  has  shape  and  boundaries, 
and  we  h-ive  no  assured  kuowleige  of  anything  lying 
outside  those  boundaries.  It  seems,  then,  a  gratuitous 
exercise  of  the  imagination  to  conjure  up  abysses  stored 
with  stars,  energetic  and  effete,  one  set  cutting  off  the 
radiations  of  the  other. 

Undeniably,  Ur.  Wallace's  contention  that  our  earth  is 
unique  as  being  the  abode  of  intelligent  life  corresponds, 
in  a  measure,  with  the  recent  trend  of  astronomical 
research.  The  conditions  indispensable  to  organic" 
existence  which  he  has  admirably  defined  are  perceived, 
more  and  more  plainly,  not  to  be  present  on  any  of  our 
sister-planets  with  the  possible  exception  of  Mars.  More- 
over, a  large  proportion  of  the  stars  have  been  ascertaine  d 


to  form  systems  unfavourably  circumstanced  for  the 
accommodation  of  globes  approaching  the  terrestrial 
model.  Boundless  variety,  it  is  true,  prevails  throughout 
the  sidereal  scheme;  and  this  variety  may  only  afford  scope 
for  the  display  of  the  contriving  power  of  Infinite  Wisdom 
in  smoothing  away  apparent  obstacles  to  life,  and  so 
vitalising  the  seeming  deserts  of  the  universe. 

Agnes  M.  Clerke. 


TO   THE    EDITORS    OF    KNOWLEDGE. 

Sirs, — With  reference  to  Dr.  Wallace's  article  on  this 
subject  in  the  Fortnighlly  Review  for  March,  1903, 1  should 
like  to  make  a  few  remarks. 

As  it  is  at  present  impossible  to  fix  the  exact  limits  of 
the  visible  universe  we  cannot  determine  where  its 
centre  may  lie,  and  although  the  sun  and  solar  system 
apparently  lie  near  the  centre  of  the  Milky  Way,  it  does 
not  follow  that  we  are  really  at  or  near  that  centre. 
Indeed,  there  is  evidence  to  show  that  we  are  perceptibly 
nearer  to  one  side  of  the  Milky  Way  than  to  the  opposite 
side.  Sir  John  Herschel  was  of  opinion  that  the  southern 
portion  of  the  Milky  Way  near  the  Southern  Cross  is 
nearer  to  us  than  the  northern  part.  Professor  Newcomb 
considers  that  we  are  probably  nearer  to  the  boundary  of 
the  visible  universe  which  lies  in  the  direction  of  Sagittarius 
and  Scorpio,  and  he  thinks  that  we  may  possibly  be  so 
much  nearer  this  particular  region  that  we  may  soon  be 
able  to  detect  proper  motions  among  the  fainter  stars  in 
this  direction. 

Considering  the  sun's  motion  through  spice  as  recti- 
linear, I  pointed  out  ten  years  ago  ("  The  Visible  Universe," 
p  197)  that  at  some  period  back  in  geologic.il  times  the 
sun  was  probably  among  the  stars  of  the  Mil';y  Way. 
The  solar  "  apex."  or  point  towards  which  the  sun  is 
movintf,  is,  according  to  Prof.  Kaptevn,  in  about 
R.A.  27:i°-6,  North  De.lination  29°  5,  and  "he  thinks  that 
"  the  most  probable  value  that  can  at  present  he  adopted" 
for  the  sun's  velocity  is  IS'4.5  kilometres,  or  1146  miles  a 
second.  With  this  velocity,  the  sun's  annual  motion  would 
be  about  360  millions  of  miles  (or  nearly  four  times  the 
radius  of  the  earth's  orbit).  Hence  the  distance  traversed 
in,  say,  200,000  years  woidd  be  72  billions  of  miles.  As 
the  distance  of  Sirius  from  the  sun  may  be  taken  as 
50  billions  of  miles  (parallax  0""37),  the  solar  motion 
carried  back  would  place  the  sun  far  beyond  the  distance 
of  Sirius  200,000  years  ago.  If  we  go  back  in  geological 
times,  .say  5  millions  of  years,  we  find  the  sun  at  a  distance 
of  1800  billions  of  miles  from  its  present  position  in  space. 
This  would  represent  the  distance  of  a  star  with  a 
parallax  of  about  0"01,  or  about  326  years'  journey  for 
light.  Removed  to  this  distance  the  sun  would  be  reduced 
in  brightness  to  a  star  of  the  10th  magnitude.  It  follows, 
therefore,  that  if  the  sun  is  moving  m  a  straight  line  it 
must  have  been  close  to  the  position  of  10th  magnitude 
stars  (if  of  the  same  size  and  brightness)  some  5  millions 
of  years  ago.  Going  further  back  in  geological  time  we 
should  find  the  sun  among  the  stars  of  the  Milky  Way. 
Prom  the  apparent  connection  of  bright  and  faint  stars  in 
the  Gala.\y,  Easton  tliinks  that  the  faint  stars  of  the  Milky 
Way  are  at  a  distance  which  does  not  greatly  exceed  that  of 
stars  of  the  9th  and  loth  magnitude  {Astrophysical  Journal, 
March,  1895). 

It  is  of  course  possible,  and  indeed  probable,  that  the 
sun  is  not  moving  in  a  straight  line,  but  in  some  gigantic 
orbit  round  a  centre  of  force.  Recent  researches  seem  to 
show  that  the  centre  of  the  Milky  Way  probably  lies  in  a 
direction  south  of  Cassiopeia's  Chair,  and  a  little  south  of 
the  Milky  Way  (about  R.A.  24h.),  the  sun  and  solar  system 
lying  to  the  south  of  the  galactic  centre,  and  a  little  to  the 
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north  of  the  plane  of  the  Milky  Way.  Now  the  "  apex  " 
of  the  solar  motion  lies  roui,'hly  yO"^  from  this  position, 
and  judging  from  the  position  of  the  apex  found  by  Sir 
William  Herschel,  Argelander  and  Airy  (about  17h.  30ni.), 
and  that  indicated  by  recent  researches  (about  18h.  30m.), 
there  may  perhaps  be  a  shift  of  the  apex  towards  the 
centre  of  the  Milky  Way,  which  should  be  the  case  if  the 
sun  were  revolving  round  a  centre.  This  supposed  "shift" 
may  of  course  be  more  apparent  than  real,  and  may, 
perhaps,  be  partly  or  altogether  due  to  errors  of  calculation. 
The  various  positions,  however,  assigned  to  the  apex  show 
a  tendency  at  least  to  shift  towards  the  supposed  centre  of 
the  Milky  Way.  However  this  may  be,  it  seems  not  im- 
proljal)le  that  the  sun  may  be  revolving  round  the  centre 
of  gravity  of  the  Milky  VVay,  which  may  also  be  the  centre 
of  gravity  of  the  whole  system  of  stars  composing  our 
visible  universe.  But  if  this  be  so,  the  sun  is  probably 
at  a  great  distance  from  the  centre.  For  its  measured 
velocity  is  considerable,  and  in  a  system  of  stars,  like  a 
globular  cluster,  those  near  the  boundary  would  have  a 
greater  velocity  than  those  near  the  centre,  the  law  of  force 
in  such  a  system  varying  directly  as  the  distance  from 
the  centre.  J.  E.  G-oee. 

Dublin,  Aprd  14th. 

TO    THE    EDITORS    OF    KNOWLEDGE. 

Sirs, — Some  further  remarks  on  the  question  recently 
mooted  between  Dr.  Wallace,  on  the  one  side,  and  Mr. 
Maunder  and  Dr.  Turner,  on  the  other,  may  be  of  interest 
to  the  re  id^rs  of  KNOwLEOfiE.  First,  all  the  astronomical 
arguments  in  favour  of  a  finite  universe  seem  to  me  to  turn 
on  the  assumption  that  the  ether  is  infinite  Admittedly 
it  is  only  by  the  light  of  very  distant  objects  that  we  learn 
their  existence ;  anil  for  the  transmission  of  this  light,  ether 
is  necessary.  Our  knowledge  is,  therefore,  confined  within 
the  limits  of  the  eth  r,  whether  it  bs  finite  or  infinite.  But 
how  can  we  draw  any  conclusion  as  to  the  finiteness  or 
infiniteness  of  the  universe  if  all  that  we  can  know  of  it  is 
limited  to  the  finite  sphere  of  the  ether  ':"  With  an  infinite 
and  perfectly  transparent  ether,  a  limited  numtier  of  shining 
bodies  would  he  suggestive  of  a  limited  vmi verse  of  matter; 
but  if  the  ether  itself  he  finite,  we  would,  in  drawing  this 
conclusion,  act  like  an  islander  who  imagined  that  his 
island  was  the  only  bit  of  solid  land  in  creation,  because, 
when  looking  round  on  every  side,  he  could  see  nothing 
but  water.  His  universe  would  be  limited  by  the  curva- 
ture of  the  water  as  ours  (on  this  assumption)  is  by  the 
finiteness  of  the  ether.  But.  Dr.  Wallace  fails  to  see  this. 
He  speaks  of  bodies  wandering  outside  the  limits  of  the 
ether,  but  assiunes  that  they  would  be  cold  and  dead,  &c. 
Why  ?  If  ether  is  necessary  to  convey  heat  to  them,  it  is 
equally  necessary  to  convey  it  away.  They  would,  there- 
fore, siuqily  retain  their  heat  without  change.  That  they 
would  l)e  ilark  I  admit,  liut  light  is  not  necessary  to  animal 
life.  Then,  if  our  ether  be  finite — if  it  be  like  a  vast 
attenuated  nebula — why  may  there  not  be  other  great 
iiebuliB  of  ether  in  external  s|iacc,  some  of  them,  perhaps, 
much  larger  and  better  supplied  with  stai's  than  our  own? 
A  finite  ether  practically  excludes  us  from  knowing  any- 
thing lieyoud  its  limits,  and  for  that  very  reason  it  allows 
scope  for  all  kinds  of  conjecture  as  to  what  is  really 
beyond  them.  Dr.  Wallace  does  not  suppose  it  to  be  a 
vacuum.  There  are  liodies  in  it  which  once  belonged  to 
our  universe  ;  and  why  should  there  not  also  be  bodies  in 
it  that  never  formed  part  of  our  universe — never  entered 
our  ether  ?  There  are,  at  all  events,  no  grounds  for 
dogmatising  on  this  subject.  (But  I  do  not  think  any 
observation  has  shown  such  appearances  and  disappear- 
ances of  stars  as  would  arise  from  their  entering  or  leaving 
the  ethor.) 


We  are,  according  to  Dr.  Wallace,  in  the  centre  of  the 
universe.  He  infers  this  from  our  position  in  relation  to 
the  visible  stars.  I  need  hardly  say  that  when  our  know- 
ledge of  the  visible  stars  is  carried  further,  our  present 
ideas  as  to  their  distribution  may  be  largely  modified,  and 
even  as  it  is  I  doubt  if  any  astronomer  could  go  within 
1000  light-years  (if  I  am  to  use  that  ill-selected  unit)  of 
the  centre  of  the  star-system  as  at  present  known.  But 
so  far  as  we  know,  while  heat,  light,  and  some  other 
influences  are  dependent  on  the  ether,  gravitation  is  not, 
and  whatever  the  distance  may  be  its  transmission  is 
instantaneous.  Hence  if  there  are  bodies  outside  of  the 
ether, as  Dr.  Wallace  supposes,  these  bodies  are  as  influential 
in  determining  the  centre  of  the  universe  as  the  bodies 
which  are  situated  within  the  limits  of  the  ether.  No 
doul)t  the  distance  of  these  outlying  bodies  must  be  very 
great,  but  their  number  and  mass  may  also  be  very  great, 
and  some  of  them  may  not  be  more  distant  than  some  of 
those  witbiu  the  ether  but  near  itsconfines.  A  finite  material 
world  in  an  infinite  ether  is  a  hypothesis  which  finds  some 
support  in  the  facts  of  astronomy.  A  finite  ether  with 
matter  (perhaps  infinite)  beyond  it,  is  also  to  a  certain  extent 
a  feasible  hypothesis  ;  but  a  finite  ether  and  a  finite  material 
world  having  distinct  and  independent  limits  seems  to  me 
to  be  the  worst  hypothesis  of  the  three,  and  is,  moreover,  one 
that  does  not  assist  us  in  fixing  the  centre  of  this  finite 
universe  of  matter. 

1  therefore  reject  the  astronomical  basis  of  Dr.  Wallace's 
theory,  leaving  it  to  others  to  deal  -with  the  i-onditions  ni 
animal  life  and  mental  development.  I  confess,  however, 
that  I  have  sufficient  faith  in  the  principle  of  evolution  to 
think  that  man  mght  accommodate  himself  to  the  con- 
ditions of  life  ou  almost  any  of  the  planets,  provided  that 
the  change  were  sufficiently  gradual,  and  a  sufficient  time 
were  allowed  to  elapse.  But  some  arguments  used  by 
Mr.  Maunder  and  Prof.  T  inier  seem  to  me  also  unsatis- 
factory. The  first  of  these  is  the  argument  drawn  from 
the  number  of  dark  bodies  in  space  in  an^wer  to  the  proofs 
of  finiteness  deduced  from  the  faintne^s  of  the  general 
illumination  of  the  sky.  What  would  be  the  consequence 
if  the  dark  bodies  were  on  the  average  as  numerous  and 
as  large  as  the  bright  ones,  while  the  sun  were  adopted 
as  an  average  specimen  of  the  latter?  Simply  that  the 
average  illumination  of  the  entire  sky  would  be  half  that 
of  the  sun.  The  dark  bodies  would  be  as  often  behind 
the  lii'ight  ones  as  before  them.  Now  compare  this 
with  the  fact.  The  highest  estimate  that  I  have  seen  of 
the  total  light  of  the  full  moon  is  TfnoVoo  of  ^li"t  of  the 
sun,  the  discs  of  the  two  bodies  being  about  equal. 
Suppose  that  the  dark  bodies  were  150,000  times  as 
numerous  as  the  bright  ones,  instead  of  being  equal  in 
number.  Then  the  whole  sky  ought  to  l>e  as  l>right  as  the 
illuminated  portion  of  the  moon.  Everyone  knows  that 
this  is  not  so.  But  it  is  said  that  the  stars,  though  infinite, 
may  only  extend  to  infinity  in  particular  directions,  e.g.,  iu 
that  of  the  Galaxy.  Be  it  so.  AVhere  in  the  very  brightest 
portion  of  the  (jalaxy  will  we  find  a  portion  equal  in 
angular  magnitude  to  the  moon  which  affords  us  the  same 
quantity  of  light?  In  the  very  brightest  spot,  the  light 
probably  does  not  amount  to  -^l^  part  of  that  of  the  moon 
(when  full),  thus  raising  the  proportion  to  fifteen  millions 
to  one.  Dark  bodies  may  explain  why  the  sky-light  is  not 
infinite — which  in  fact  it  could  not  be  even  if  all  bodies 
were  bright,  and  their  number  infinite — but  the  extremely 
small  amount  of  sky-light  which  actually  exists  is  a 
startling  fact,  and  one  difficult  to  reconcile  with  the  theory 
of  an  infinite  material  universe. 

Again,  I  think  too  much  stress  has  been  laid  by  Dr. 
Wallace's  opponents  on  the  motion  of  the  solar  .system  iu 
space.    In  the  first  place,  the  proof  of  this  motion  rests  ou 
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the  assumption  that  if  we  take  a  sufficient  number  of  stars 
their  real  motions  in  all  directions  will  be  equal,  and  that, 
therefore,  the  apparent  preponderances  which  we  observe 
in  particular  directions  result  from  the  real  motion  of  the 
sun.  But  there  is  no  impossibility  in  a  systematic  motion 
of  the  majority  of  the  stars  used  in  these  researches  which 
might  reconcile  the  observed  facts  with  a  motionless  sun. 
And,  in  the  second  place,  if  the  sun  is  not  in  the  exact 
centre  of  gravity  of  the  universe,  we  might  expect  him  to 
be  moving  in  an  orbit  around  this  centre  of  gravity,  and 
our  observations  on  his  actual  motion  are  not  sufficiently 
numerous  or  accurate  to  enable  us  to  affinn  that  he  is 
moving  in  a  right  line  rather  than  in  such  an  orbit. 
Indeed,  the  positions  assigned  to  the  apes  of  the  sun's 
way  appear  to  show  a  steady  change  as  we  use  stars  with 
diminishing  proper  motion  which  are  presumably  at 
increasing  distances,  and  though  other  explanations  of 
this  circumstance  may  be  given,  one  admissible  hvpothesis 
is  that  the  different  directions  thus  computed  represent 
the  tangent  to  the  sun's  orbit  at  different  dates,  and  thus 
establish  its  curvature.  To  anyone,  however,  who  realises 
the  vast  dimensions  of  the  known  universe,  and  the 
manner  in  which  science  is  constantly  opening  out  great 
new  vistas  into  the  unknown,  a  hvpothesis  like  that  of  Dr. 
Wallace  will  appear  to  be  exceedingly  improbable,  and  I 
do  not  think  the  basis  of  observation  on  which  it  rests  is 
sufficiently  extensive  and  solid  to  justify  its  acceptance  by 
the  votaries  of  science. 

I  may  remark  that  if,  as  I  have  suggested,  the  ether 
absorbs  light,  we  have  an  explanation  of  miny  of  the 
difficulties  which  arise  in  connection  with  this  question. 
But  apart  fi'om  this  hypothesis,  meteors  in  space  —cosmic 
dust — may  absorb  a  sensible  proportion  of  the  light  of 
luminous  bodies,  this  proportion  increasing  with  the 
distance.  We  could  not  discover  this  fact  within  the 
limits  of  the  solar  system,  because  the  planets  shine  by 
reflected  light,  and  the  meteors  or  cosmic  dust  which 
intervened  would  reflect  the  light  also,  and  being  nearer 
to  us  than  the  planet  would,  in  fact,  increase  its  light, 
provided  that  their  reflecting  power  were  the  same.  The 
effect  of  their  interposing  between  us  and  a  self-luminous 
body  would  be  quite  different,  and  if  they  exist  throughout 
all  sp;ice,  the  greater  the  distance  the  more  of  the  light 
they  would  (on  the  average)  intercept.  If  sufficiently 
remote,  the  star  would  thus,  for  all  practical  purposes, 
be  blotted  out. 

I  may  add  that  on  the  assumption  of  a  finite  ether  forming 
an  oasis  in  a  desert  universe,  which  seems  to  be  Dr. 
Wallace's  idea,  not  only  is  it  unlikely  that  the  centre  of  the 
universe  would  fall  within  the  ether,  but  even  if  it  chanced 
to  do  so,  the  ether  would  probably  have  a  proper  motion 
of  its  own  which  would  soon  carry  it  away  from  this 
centre.  Further,  assuming  that  life  and  intelligence  could 
only  be  developed  within  the  limits  of  this  ether,  and  (as 
Dr.  Wallace  suggests)  that  the  development  would  therefore 
Ije  carried  farthest  in  the  case  of  the  bodies  that  had  been 
longest  in  it,  I  would  expect  to  find  these  bodies  not  in 
the  centre,  but  near  the  confines,  at  the  opposite  side  from 
that  at  which  they  had  originally  entered  it. 

W.  H.  S.  MuNCK. 


Brttisl)  ©rnirtjological  Notes. 

Conducted  by  Harry  F.  Witherbt.  f.z.s.,  ji.b.o.u. 

The  Meadow  Bunting  (Emherita  ciaj  in  E'lrjland. — At  the  meeting 
of  the  BritUh  Ornithologists'  Club,  hel  1  on  .Taauirr  2t6t  list,  Dr. 
K.  B.  Sharpe  reported  that  he  had  recentlv  cxamiaei  a  specimeo  of 
this  bird  caught  near  Shorehaiu,  Sussex,  at  the  end  of  October,  1902. 
There  were  two  of  these  birds  ciptured  out  of  a  flock  of  chatfin^hes 
and  other  bird),  one  had  died  and  the  other  wa)  in  the  possessioi  of 
Mr.  E.  A.  Haikett,  of  Eiat  Finohley.    The  Meadow  Banting  is  an 


inhabitant  of  Central  and  Southern  Europe  and  Asia  Minor,  and  has 
not  been  recorded  before  for  Great  Britain. 

Oreat  Bust'ird  in  Ireland  [The  Field,  March  I4th,  p.  417).— 
Me^^rs.  Williams  &  Sou,  the  Dublin  tiiidermists,  report  ths  occur- 
rence of  two  Gre.it  Bustards  near  Thurles,  Co.  Tipperary,  in  December, 

1902.  One  of  the  birds  (a  female)  was  shot  on  the  20th  of  that 
month.  The  Great  Bustard  has  not  been  recorded  before  for 
Ireland. 

White's  Thrush  in  Yorkshire  (The  Naturalitt,  March,  1903, 
p.  68).— A  specimen  of  White's  Thrush  (Turdus  rarius)  was  shot  in 
Luddenden  Dean,  near  Halifax,  on  December  18th,  1902.  The  bird 
is  now  in  the  Halifax  Museum,  and  a  full  account  of  it,  illustrated 
with  a  photograph,  appears  in  the  H idfux  Saturalist  fur  Februarv. 
from  the  pen  of  Mr.  A.  Crabtree.  I'liis  bird  is  somewhat  larger  than 
a  Mistle-TIirush,  is  mottled  in  plumage,  and  is  generally  to  be  found 
on  the  ground.  It  is  an  eastern  species,  and  has  seldom  been  recorded 
from  Great  Britain. 

Lesser  Whitethro  it  breeding  in  West  Koss-shire  {Annals  of  Scot. 
Nat.  Mist.,  April,  1903,  p.  71).— Messrs,  L,  W.  Hinxman  and  W.  E, 
Clarke  have  identified  a  nest  and  eggs  taken  at  Inverbroom,  West 
Ross-shire,  in  1896,  as  those  of  the  Lesser  Whitethroat,  This  bird 
breeds  rarely  in  S  W.  .-Scotland  but  has  hitherto  only  been  recorded 
as  a  passing  migrant  elsewhere  in  Scotland, 

Sough-legged  Buzzzrd  in  Ireland  {Irish.  Naturalist.  April,  1903, 
p  111), — Mr.  E.  Williams  records  that  a  lemale  specimen  of  Buteo 
lagopus  was  recently  shot  near  Fivemiletown,  Co.  I'jrone.  This  bird 
is  a  rare  visitor  to  Ireland. 

The  Status  of  the  Goldfinch  in  Britain  {Zoologist,  1903,  February, 
pp,  70-72,  March,  pp.  104  and  105). — Observers  in  Tarious  counties 
continue  here  their  opinions  on  the  status  of  the  Goldfinch  in  Great 
Britain. 

Bean-goose  in  Outer  Hebrides  (Annals  of  Scot.  Nat.  Hist.,  April, 

1903,  p.  119).— Mr.  J.  A,  HarvieBrown  records  that  on  March  21st 
last  he  received  a  specimen  of  this  Gooso  for  examination.  The  bird 
was  sent  from  South  Uist,  and  two  others  were  observed  at  the  same 
time.  In  the  last  edition  of  his  "  Manual  of  British  Birds,"  Mr. 
Howard  Saunders  remarks  that  reported  occurrences  of  this  species 
in  the  Outer  Hebrides,  Orkneys  and  Shetlands,  require  confirmation. 

British  Bean-geese.  By  "F.  W.  Frohawk.  {Zoologist,  1903. 
February,  pp,  41-45.) — Mr.  Frohawk  here  reverts  to  the  discussion 
of  the  Bean-geese  {see  Knowledge,  November,  1902,  p.  255). 

On  the  specific  validitfi  of  Anser  rubriroslris  (Hodgson)  and  its 
position  as  a  British  Bird.  By  F.  Cobuni.  {Zoologist.  February, 
1903.  pp.  46-52,) — This  is  a  somewliat  long  and  detailed  description 
of  the  eastern  form  of  the  Grey  Lag-goose  obtained  by  Mr.  Coburn 
from  Limerick  {see  Knowledoe,  October,  1902,  p.  231).  Mr. 
Coburn  is  apt  to  become  somewhat  elated,  and  decidedly  dogmatic, 
when  on  the  subject  of  Geese. 

On  the  Acifav.na  of  the  Outer  Hebrides,  188S-1902.  By  J.  A. 
Harvie-Brown. — Mr.  Harvie-Brown  sends  me  a  most  useful  reprint 
from  the  Annals  of  Scottish  Natural  Historg  of  his  series  of  articles, 
which  bring  the  avifauna  of  the  Outer  Hebrides  up  to  date. 

Supposed  Breeding  of  the  Hawfinch  in  Ireland  {Iri.fh  Naturalist, 
October,  1902,  p.  250,  and  April,  1903,  p.  111).— The  Hawfinch  has 
never  been  proved  to  nest  in  Ireland  although  it  is  often  found  there 
in  winter.  Notes  have  lately  appeared,  however,  iu  the  Irish 
Naturalist,  stating  that  Mr.  Bedford  has  seen,  near  Straffan  House, 
Co.  Kildai-e,  a  few  pairs  of  these  birds  all  through  the  nesting  seasons 
of  every  year  since  1896,  and  that  last  year  he  saw  a  Hawfinch 
feeding  its  young. 

All  contributions  to  the  column,  either  in  the  way  of  notes 
or  photographs,  should  be  forwarded  to  Habby  F.  Witherby, 
at  the  Office  o/ Knowledge,  326,  High  Holborn,  London. 


iaotcs. 

Astronomical, — The  most  interesting  recent  event  in 
astronomical  matters  is  the  discovery  of  a  "new  star"  at 
the  University  Oljservatory,  Oxford.  On  March  Itith,  in 
the  ordinary  routine  of  the  work  connected  with  the  photo- 
graphic chart  of  the  heavens,  a  plate  was  exposed  on  a  part 
nt"  the  constellation  Gemini,  and  it  happened  that  the  new 
star  was  accidentally  selected  for  the  guiding  star  iu  place 
of  the  one  intended.  vSubsequent  examination  of  the  plate 
indicated  "  an  error  in  setting,"  and  led  to  the  recognition 
of  the  star  as  one  not  previously  catalogued.  The  E.A. 
and  Decl,  are  respectively  6h,  37m.  48'9s.  and  -^  30'  i'  39  ' 
(1900).  Piiotagrai^hs  taken  on  February  2ith.  and  earlier, 
did  not  show  the  star  ;  on  March  16th  its  magnitude  was 
7,  and  on  Mir^h  27th  it  was  8-5.     Observatioas  bv  Mr. 
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Newall,  Prof.  Hale,  ami  otliers,  indicate  that  the  spectrum 
consists  of  hright  lines,  and  there  is  accordingly  sufficient 
reason  to  suppose  that  tlie  object  is  a  true  "nova,"  aud 
uot  a  long-  period  variable  of  the  Mira  Type. — A.  F. 


EoTANioAL. — In  Torreyii,  Mr.  S.  P).  Parish  gives  a 
striking  instance  of  the  "  Vital  persisteucy  of  Agnrp 
americana"  A  specimen  was  planted  on  au  estate  iu 
California  iu  1890,  and  having  become  too  large,  was  cut 
down  in  PlOO.  Its  leaves  were  sawn  off  and  the  trunk 
was  allowed  to  lie  on  the  ground  till  it  should  become 
sufficiently  ilry  to  liurn.  In  May  of  last  year,  rather  more 
than  two  years  after  being  cut  down,  it  put  forth  a 
flowering  scape  which  grew,  in  its  early  stages,  at  the  rate 
of  six  inches  a  day,  till  it  reached  a  height  of  fifteen  feet. 
This  scape  flowered,  afterwards  bearing  fruit,  and  in 
Novemlier  of  the  same  year,  three  smaller  scapes  were 
produced.  The  author  comments  on  the  curious  fact  that 
this  vigorous  growth,  remarkable  as  it  would  have  been 
had  it  taken  place  iu  the  first  year,  was  deferred  till  the 
second  year  after  the  plant  was  cut  down. 

A  flora  of  New  Providence  and  Andros,  Bahama  Islands, 
appears  iu  the  last  number  of  the  Memnira  of  the  Torrey 
Botanical  Club.  It  is  based  on  a  set  of  plants  collected  in 
the  islands  by  Mr.  and  Mrs.  J.  I.  Northrop,  and  is  the 
work  of  Mrs.  Northrop,  assisted  by  various  botanists. 
New  Providence  is  one  of  the  smaller  islands  of  the  group, 
while  Andros  is  by  far  the  largest,  being  nearly  a  hundred 
miles  long  and  fcjrty  or  fifty  wide  in  its  broadest  part. 
The  enumeration,  which  is  preceded  by  an  interesting 
introduction,  includes  542  native  species.  Leguminosse 
are  most  numerous,  followed  by  Compositte,  Kubiacea"  and 
Kuphorbiacea>,  iu  the  order  here  given,  and  Tpomfea  is  the 
richest  genus  in  species.  Two  new  geuera  of  palms  are 
<lescribed  by  Mr.  O.  F.  Cook,  and  miscellaueous  new 
species,  including  a  uew  Vanilla,  are  now  published.  It 
is  worthy  of  note  that  fifteen  genera  are  found  in  the 
enumeration  which  have  not  previously  been  I'eported 
from  the  Bahamas. — S.  A.  S. 


Zoological. — Eemains  of  man-like  apes  are  of  such  rare 
occurrence  iu  the  fossil  state,  that  the  description  of  two 
molar  teeth  from  the  Tertiary  deposits  of  the  Vienna  basin 
by  Dr.  0.  Abel  (Centralblatl  fiir  Mineralugie,  &c.,  1903), 
is  a  matter  of  very  considerable  interest.  The  one  specimen 
is  referred  by  the  author  to  a  new  genus  aud  species, 
under  the  name  of  Gnphopilhecus  suessi,  while  the  other 
is  regarded  as  representing  a  new  species  of  the  well- 
known  genus  Dryopithecus,ior  which  the  name  D.  darivini 
is  suggestej.  As  regards  the  first,  all  that  can  be  said 
is  that  it  indicates  a  member  of  the  group  to  which 
Dryopithecus  belongs.  By  some  writers  it  has  been 
suggested  that  the  latter  genus  is  very  closely  related  to 
man,  but  this  idea  is  discountenanced  by  the  great  relative 
length  of  the  muzzle  and  the  small  space  for  the  tongue. 
It  may  be  added  that  recently  teeth  of  another  man-like 
ape  from  the  Tertiary  of  Swabia  were  described  under  the 
name  of  Anthropodus ;  since,  however,  that  term  had  been 
previously  used  in  another  sense.  Dr.  Abel  proposes  to 
replace  it  hj  Neopithecuy. 

Closely  connected  with  tlic  foregoing  suliject  is  a  paper 
by  Prof.  A.  Gaudry,  of  Paris,  ])ublished  in  U AnthropologiK, 
on  certain  human  remains  recentlv  olitained  by  the  Prince 
of  M<maco  at  Baoussc-Roussc,  near  Mentoue.  The  jaws 
of  a  young  man  are  remarkable  for  the  enormous  size  of 
t  he  t'.'eth,  especially  those  of  the  cheek  si>ries,  aud  the  great 
relative  developuient  of  the  last  molar  or  "  wisdom  tooth." 
That  they  indicate  a  very  primitive  type  of  the  h>unan 
race  is  umloubtt'd.     Whether,  however,  thev  arc  suflicient 


to  prove,  as  M.  Gaudry  suggests,  an  affinity  between  the 
early  human  inhabitants  of  Euro^>e  and  the  Patagonians, 
aud  thus  that  South  America  was  the  cradle  of  mankind, 
demands  at  least  further  consideration. 

Much  interesting  information  with  i-egard  to  the  giant 
land-tortoises,  and  the  remarkalile  land  and  sea  iguanas  of 
the  Galapagos  Islands  will  lie  foimd  in  a  paper  by  Mr. 
E.  Heller,  recently  published  in  the  Proceedinys  of  the 
Washington  Academy  of  Sciences,  forming  part  of  a  series 
descriptive  of  the  Hojikins  Stanford  expedition  to  the 
islands  in  question.  As  might  have  been  expected,  most 
of  the  species  of  tortoises  ai'e  dindnishing  very  rapidly 
in  numbers,  aud  some  appear  to  be  well  nigh  extinct. 
Owing  to  the  introduction  of  dogs,  the  land  iguanas  have 
been  exterminated  from  all  the  islands  save  two,  liut  the 
marine  species  is  still  ainmdant. 

In  view  of  forthcoming  changes  iu  the  administration 
of  the  menagerie  in  the  Eegent's  Park,  the  following 
paragraph  from  the  Report  of  the  New  York  Zoological  Park 
is  of  considerable  interest.  In  that  menagerie  one  of  the 
most  recent  and  important  innovations  is  the  establishment 
of  a  thoroughly  organized  medical  department  imder  the 
direction  of  a  veterinarian  and  a  well-known  human 
pathologist.  A  pathological  laboratory  is  in  charge  con- 
stantly of  au  assistant,  and  daily  rounds  are  made  liv  an 
officer  of  the  ini'dical  staff  in  company  with  the  curators  of 
the  respective  departments.  Full  reports  are  being  ke|>t 
of  the  symptoms  of  animals  of  various  types,  aud  of  the 
causes  of  death.  From  these  records  it  is  proposed  to 
jirepare  a  s[)ecial  work  on  the  habits,  care  and  treatment 
of  animals  in  captivity. 


The  British  Antarctic  Expedition. — A  summarv  of 
the  news  of  the  "  Discovery "  received  by  cable  from 
Captain  Colbeck,  of  the  "  Morning,"  may  be  of  interest  to 
our  readers.  The  '■  Discovery"  left  New  Zealand  in  Decem- 
ber, 1901,  and  the  "Morning"  found  her  in  MacMurdo 
Bay  (Victoria  Land),  on  January  23rd,  190o.  The 
"  Discovery"  entered  the  ice  pack  early  lu  Januxry,  19i»2, 
in  lat.  67'  south.  Proceeding  along  the  edge  of  the  great 
ice  barrier,  the  explorers  made  repeated  soundings.  It 
was  found  that  the  barrier  was  presumably  afloat,  that  it 
continued  horizontal,  and  was  slowly  fed  from  the  land 
ice.  High  snow  slopes  rose  from  its  edge  to  an  extensive 
heavily  glaciated  land,  with  occasional  bare  precipitous 
peaks.  On  February  3rd,  the  "  Discovery  "  entered  an 
inlet  in  the  barrier  in  longitude  174^,  and  a  sledge  partv 
examined  the  laud  as  far  as  latitude  78"  50'.  Near 
Mounts  Erebus  aud  Terror  excellent  winter  quarters  were 
found.  The  ship  was  frozen  in  on  March  24th,  and  the 
expedition  passed  the  winter  iu  well-sheltered  quarters, 
huts  having  been  erected  for  living  aud  for  scientific  obser- 
vations. The  lowest  recorded  temperature  was  ti2^  below 
zero,  aud  the  fact  that  the  expedition  wintered  some 
400  miles  further  south  than  any  former  expedition  will 
make  the  magnetic  and  other  records  taken  of  very  great 
value.  Sledging  was  begun  on  September  2nd,  ly(l2, 
parties  being  sent  out  in  various  directions.  Lieutenant 
Royds,  Mr.  Skelton.  aud  others  made  au  expedition  to 
Mount  Terror,  travelling  over  the  barrier  under  severe 
sleighing  conditions,  with  a  temperature  of  58"'  below  zero. 
Commander  Scott,  Dr.  Wilson,  and  Lieutenant  Shackleton 
sledged  southwards.  A  depot  was  made  CO  miles  south 
of  the  ship,  then  the  snow  became  soft,  and  sledges  had 
to  be  hauled  iu  relays.  This  hard  aud  trying  work  lasted 
29  days  Another  depot  was  then  established  in  latitude 
80'^  30'  south.  All  sup^rHuous  gear  was  then  discarded, 
and  on  December  15th  a  dash  was  made  for  the  south. 
On  Jaiuiarv  1st,  82'  17   south  was  reiu'heil,  or  lOO  miles 
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further  south  than  any  previous  record.  The  conditions 
were  very  trying,  the  dogs  all  died,  and  the  sledges  had 
to  be  dragged  back  to  the  ship,  which  was  reached  on 
February  3rd.  The  party  found  that  ranges  of  high 
mountains  continue  through  Victoria  Land.  Mountains 
lO.OOO  feet  to  12,000  feet  high  were  seen  in  latitude  82° 
south,  and  the  coast  line  continued  at  least  as  far  south 
as  88°  20',  so  that  it  seems  that  land  stretches  to  the 
Soutli  Pole  in  a  series  of  lofty  mountains.  Further 
details  of  all  this  successful  work,  and  of  the  many  collec- 
tions and  observations  made,  will  be  eagerly  looked  for, 
and  it  is  hoped  that  an  equally  useful  year's  work  will  be 
accomplished  by  the  exjiedition  in  1903.  The  "Discovery" 
has  lieeu  revictualled  by  the  ''  Morning,"  and  will  winter 
again  in  tne  Antarctic.  Lieutenant  Sliackletou  has  retvuTied 
in  the  "  Morning "  owing  to  his  health,  which  suffered 
greatly  owing  to  the  privations  and  hardships  of  the  sledge 
journey.     Tjieutenant  Mulock  has  taken  his  place. 


Eabthquakic  in  the  Midlands. — The  eartlnjuake  felt 
throughout  the  Midland  counties  on  March  24th  was  not 
one  of  the  first  magnitude,  even  for  this  country.  It 
resulted  in  but  little  damage  to  buildings ;  though  its 
strength  only  fell  short  of  tbat  necessary  for  thro\ving 
down  a  few  chimneys  or  cracking  the  walls  of  houses. 
The  area  disturbed  by  it  includes  the  whole  of  Derbyshire 
and  Staffordshire,  and  a  very  large  part,  possibly  all,  of 
the  adjoining  counties.  The  shock  was  felt  as  far  north 
as  Preston,  Lancaster,  Leeds  and  Harrogate ;  to  the  east, 
it  was  percej)tible  at  Grantham,  and  to  the  south,  it  is 
said,  at  Evesham  ;  that  is,  over  an  area  of  about  13,500 
square  miles.  The  position  of  the  epicentre  is  not  yet 
determined,  but  it  will  probably  be  found  to  lie  at  no 
great  distance  from  that  .part  of  Dovedale  which  lies  west 
of  Matlock.  Britisli  earthquakes  seldom  last  more  than 
ten  or  fifteen  seconds,  but  the  duration  of  the  recent  shock 
must  have  been  over,  rather  than  under,  half  a  minute. 
This  was  due  to  its  division  into  two  distinct  parts, 
separated  as  a  rule  by  an  interval  of  a  few  seconds.  On 
this  point,  the  personal  experience  of  observers  is  corrobo- 
rated by  seismographic  evidence.  An  interesting  record 
of  the  earthquake  was  given  by  one  of  Prof,  Omori's  hori- 
zontal pendulums  installed  in  Binningham,  and  shows 
clearly  two  large  oscillations,  the  total  duration  of  the 
shock,  including  the  initial  and  final  tremors,  being  about 
one  minute.  The  earth-waves,  according  to  Dr.  E.  Wiechart, 
were  also  registered  at  Gottingen,  which  lies  about  five 
hundred  miles  from  the  centre  of  disturbance. — C.  D. 


j^oticcg  of  Booftg. 

"Prohlems  in  Astroi'IIYsics."  By  Miss  Agnes  M.  Clarke. 
(A.  and  C.  Black.)  lUustrated.  20s.  net. — It  is  the  custom  in 
England,  in  every  great  bu.siness  firm,  to  go  over  the  accounts 
periodically,  to  balance  the  gain  and  loss,  to  take  stock  of  the 
assets  of  the  company.  The  principle  of  a  "  periodical  stock- 
taking "  is  no  less  a  sound  one  when  applied  to  a  science  than 
to  a  business  concern,  but  it  is  less  often  put  in  practical 
working  :  and  we  feel  proud  that  it  is  an  English  astronomer 
who  has  undertaken  and  carried  through  the  audit  for  the  most 
exact  of  all  the  sciences. 

Miss  Gierke's  "  Problems  in  Astrophysics"  is  indeed  a  great 
astronomical  stocktaking.  She  lays  jilain  before  us  the  capital 
of  our  knowledge.  She  shows  what  are  the  sound  branches 
from  which  advancement  and  profit  may  be  expected.  Slie 
exposes  the  unsound  principles  whose  practice  can  only  mean 
disaster,  the  theories  so  rigid  and  complete  that  they  cannot 
expand  to  include  new  facts,  and  so  impede  progress.  "  Finality 
means  stagnation."  She  writes  down  unsupported  speculation 
as  of  no  value  whatsoever.  ''  The  '  floating  of  an  idea  '  in  the 
mind  does  not  constitute  knowledge;  and  a  speculation  is  only 
valuable  when  it  offers  a  definite  starting  point  for  practical 


research."    She  discounts  any  complex  hypothesis  "  which  raises 
more  difficulties  than  it  removes." 

The  book  is  divided  into  two  parts.  The  second  deals  with 
the  problems  of  sidereal  physics;  with  those  presented  by  various 
types  of  stars;  with  variable  stars  of  all  kinds;  with  spectro- 
scopic binaries;  and  with  nebulse,  "  white  "  and  "  green."  Our 
sun  is  a  true  member  of  the  sidereal  system,  but  from  his 
proximity  to  us  we  can  study  him  in  detail  as  we  cannot 
remoter  suns,  and  so  another  series  of  problems  connected  with 
the  solar  surface  and  surroundings  is  piesented  in  the  first  part. 
Though  these  two  parts  are  for  convenience  treated  separately, 
essentially  the  >ame  problems  enter  into  both,  and  a  question  in 
the  one  may  find  its  answer  or  its  corollarj'  in  the  other. 

In  the  first  part  it  may  be  said  that  all  problems  lead  up, 
more  or  less  directly,  for  their  solution  to  two  questions. 
AVhat  is  the  cause  and  law  of  the  sun's  periodicity  V  What  are 
the  natures  and  laws  and  conditions  in  the  sun's  surroundings  V 
These  two  questions  are  not  distinct,  they  are  bound  u])  with 
each  other,  and  the  answer  to  one  will  certainly  throw  light  on, 
if  it  does  not  completely  solve  the  other.  And  is  the  first 
question  solvable  ?  Probably,  if  the  law  of  periodicity  be  due 
to  an  external  cause,  but  Miss  Gierke  believes  it  is  not  so  due. 
The  cyclical  changes  of  the  sun  may  be  inherent,  or  "may  simply 
characterise  a  stage  of  growth,  and  prove  liable  to  modification 
and  effacement.  The  study  of  variable  stars  will  perhaps  help 
to  guide  ideas  as  to  the  probabilities  of  the  case."  So  Miss 
Gierke  states  the  case  and  leaves  it.  It  is  indeed  a  hard  problem 
to  ])ierce  below  the  sun's  photosphere  and  understand  the 
conditions  imposed  in  a  state  so  unattainable  in  our  earthly 
experience.  And  here  we  must  express  regret  that  Miss  Gierke 
has  omitted  all  discussion  of  both  planets  and  comets  on  the 
plea  that  they  "  belong  to  the  theoretical  and  descriptive  depart- 
ments of  the  elder  celestial  science."  In  Jupiter  we  have  a 
state  of  things  that  bears  directly  on  the  question  of  the  solar 
surface  markings,  of  their  periodicity,  and  of  their  connection 
with  rotation. 

In  the  second  part,  Miss  Gierke  assumes  that  time  is  the 
principal  factor  in  the  evolution  of  the  type  of  a  star  ;  other 
factors,  such  as  mass,  modifying  but  not  determining  the  type. 
The  order  of  succession  of  the  four  chief  families,  she  says, 
leaves  little  room  for  doubt.  Xebulae  are  the  matrices  of  stars; 
of  these  are,  first,  helium  stars;  then  these  pass  by  fine  gradations 
into  Sirian  :  the  Sirian  by  turn  into  solar  :  and  these  again  into 
stars  with  fluted  spectra.  It  is  assumed  that  photospheres  of 
helium  and  Sirian  stars  are  "  unveiled,"  and  that  those  of  solar 
are  "veiled,"  but  this  seems  scarcely  axiomatic;  similarly  the 
assertion,  on  Duner's  authority,  that  the  absorption  in  sun- 
spots  is  gaseous,  namely  that  there  is  no  increase  in  "general 
absorption  "  in  the  umbra,  is  by  no  means  proved  to  hold  good 
at  all  times  and  in  all  spots.  By  variable  stars,  the  question  of 
the  sun's  periodicity  is  presented  again  in  a  more  acute  form, 
and  the  constitution  of  "green"  nebulaj  raises  many  points  that 
urgently  call  for  elucidation  from  laboratory  experiments. 

It  is  a  veritable  tour  de  force,  to  have  brought  out  two  such 
books  as  the  fourth  edition  of  "  The  History  of  Astronomy  in 
the  XlXth  Century,"  so  largelj'  a  new  work,  and  "  Problems 
in  Astrophysics "  within  a  few  months  of  each  other.  We 
must  confess  to  having  opened  the  second  of  the  volumes  with 
a  certain  amount  of  trepidation  ;  the  first  was  of  such  a  high 
order  that  it  did  not  seem  possible  that  Miss  Gierke's  strength 
would  permit  her  in  so  short  a  period  to  produce  a  work  of  even 
equal  excellence.  But  of  her  three  great  works,  "  The  System 
of  the  Star-s,"  "The  History''  and  "Astrophysical  Problems,''  we 
can  unhesitatingly  affirm  that  the  latest  is  of  even  more  value 
and  is  the  outcome  of  even  profounder  thought  than  its  two 
predecessors.  There  is  one  defect  for  which  the  publishers  are 
to  blame.  Miss  Gierke's  book  is  emphatically  one  that  will  not 
be  placed  in  that  bookcase  which  is  never  opened.  Is  it  right 
to  issue  such  a  standard  book  with  its  pages  uncut,  so  that  when 
the  paper  knife  has  done  its  work,  the  edges  form  an  ideal 
lodging  for  the  dust  and  microbes  of  the  world':* 

"°An    IXTKOllUCTION    TO    Gk.LICSTIAI.    MECHANICS."      By  F.  R. 

Moulton,  PH.D.,  Instructor  in  Astronomy  in  the  University  of 
Chicago.  (Macmillan.) — This  work  will  be  of  very  great  assist- 
ance to  those  students  of  Formal  Astronomy  (to  use  a  particu- 
larly happy  phrase  of  IJr.  Moulton)  who  wish  to  connect 
mechanical  and  physical  causes  with  their  observed  phenomena. 
In  a  book  numbering  less  than  4(M)  pages,  and  dealing  with  a 
subject  so  wide  and  so  aljstruse,  it  has  been  necessary  to  assume 
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that  the  reader  knows  much  concerning  the  questions,  and  that 
he  is  acquainted  to  a  considerable  extent  with  mathematical 
processes.  But,  granted  that,  the  working  out  of  the  various 
problems  is  presented  with  clearness  and  judgment.  Dr. 
Moulton  deals  with  rectilinear  motion,  with  the  i)roblem  of  two 
bodies,  with  the  problem  of  three  bodies,  with  various  pertur- 
bations, and  with  the  theory  of  determinations  of  the  elements 
of  parabolic  and  elliptic  orbits.  Amougst  many  interesting 
details  we  may  mention  one  in  particular  in  connection  with 
the  Geaenschein.  In  the  problem  of  three  bodies — the  sun,  the 
earth,  and  a  third  bod)'  infinitesimal  as  compared  with  either — 
assume  the  origin  of  coordinates  at  the  centre  of  mass  and  the 
axis  of  X  as  the  moving  line  joining  the  circles  of  the  sun  and 
earth,  both  of  which  are  supposed  to  move  in  centres  round 
their  common  centre,  the  plane  of  x  y  being  the  plane  of 
their  motion.  Assuming  that  the  infinitesimal  body  is  also 
moving  in  this  plane.  Dr.  Moulton  finds  the  locus  referred  to  the 
rotating  axes,  of  those  points  in  space  where  the  velocity  of  the 
particle  is  zero.  On  this  locus  there  are  three  double  points  on 
the  .r-axis,  one  lying  between  the  sun  and  earth,  and  one  on 
each  side  of  these  two  bodies.  Assuming  the  circularity  of  the 
earth's  orbit,  the  double  point  which  is  opposite  the  sun  is 
distaut  from  the  earth  930,240  miles,  and  at  this  point  an 
infinitesimal  body  should  just  escape  eclipse.  If  the  infinitesimal 
body  should  arrive  near  this  point  under  initial  conditions 
(defined  by  equations  too  long  to  quote  here)  it  will  revolve  in 
an  ellipse  round  the  point  of  equilibrium,  and  the  major  axis 
of  the  ellipse  lies  along  the  axis  of  y.  If  the  initial  conditions 
are  very  approximately  complied  with,  the  small  body  will 
move  in  an  ellipse  for  a  considerable  time,  but  will  eventually 
depart  far  from  it,  and  it  would  be  possible  to  have  any 
number  of  infinitesimal  bodies  revolving  around  the  same  point 
without  disturbing  each  other.  If,  therefore,  a  great  number 
of  meteors  were  moving  in  the  plane  of  the  earth's  motion 
under  the  required  approximate  initial  conditions,  they  would 
appear  as  a  hazy  patch  of  light  with  its  centre  at  the  anti-sun 
and  elongated  along  the  ecliptic,  and  this  agrees  substantially 
with  the  observations  of  Backhouse  and  Barnard.  If  Dr. 
Moulton's  solution  is  the  true  explanation  then  the  Gegenschein 
is  not  closely  connected  with  the  Zodiacal  Light.  True,  Dr. 
Moulton  says  :  "  It  is  certain  that  the  meteors  are  exceedingly 
numerous,  as  many  as  8,000,0U0  striking  into  the  earth's 
atmosphere  daily  according  to  the  late  Professor  H.  A.  Newton, 
and  it  is  only  reasonable  to  suppose  that  they  cause  the  Zodiacal 
Light,  which  is  very  bright  compared  with  the  Gegenschein." 
Dr.  Moulton  does  not,  however,  give  his  reasons  for  assigning 
the  origin  of  the  Zodiacal  Light  to  meteors,  and  we  do  not  see 
that  it  follows  from  any  one  of  the  propositions  here  discussed. 
"The  Twentieth  Century  Atlas  op  Populau  A.stroxojiy, 

COMPRISING    IN    TWENTY'-TWO    PlATES  A  COMPLETE    SERIES    OF 

Illustrations  of  the  Heavenly  Bodies."  By  Thomas 
Heath,  b.a.,  First  Assistant  Astronomer,  Royal  Observatory, 
Edinburgh.  (W.  &  A.  K.  Johnston,  Limited,  Edinburgh  and 
London.  1903.) — This  very  handsome  volume  is,  so  far  as  its 
plates  are  concerned,  essentially  a  new  edition  brought  up  to 
date,  of  Hind's  Atlas,  so  popular  forty  years  ago.  The  letter- 
press is  largely  new,  and  is  due  to  Mr.  Thomas  Heath,  First 
Assistant  at  the  Boyal  Observatory-,  Edinburgh.  Taking  the 
plates  first,  the  old  ones  were  very  admirable  at  their  original 
date,  and  were  fini>hed  with  a  care  much  greater  than  was  at 
all  usual  at  that  time.  But  it  may  be  questioned  whether  we 
are  not  now  in  a  position  to  exact  a  higher  standard.  Plate  XH. 
(views  of  nebula:)  is  by  no  manner  of  means  satisfactory. 
Apparently,  the  blue  ground  has  proved  utterly  unsuitable  for 
the  reproduction  of  nebular  photographs,  and  this  Plate  in  con- 
sequence is  wor.«e  than  misleading.  Plate  X.  (of  comets)  is 
not  quite  so  bad,  but  here  the  most  recent  comet  given  is  that 
of  1882.  There  have  been  many  since  that  date  more  significant 
as  to  their  structure  than  any  shown  here.  Mr.  Heath  has 
fulfilled  his  difficult  duty  of  bringing  the  letterpress  up  to  date 
with  considerable  skill,  but  every  hero  and  there  a  little  point 
suggests  an  oversight  in  the  revision,  or  at  least  an  incomplete- 
ness. To  take  a  few  instances  : — The  only  reference  as  to  the 
contour  of  sunspots  is  to  Prof.  Wilson's  theory,  illustrated  by  a 
rather  crude  diai;rani  ;  Sir  George  Airy's  determination  of  the 
density  of  the  earth  is  the  most  recent  one  given  ;  the  chapter 
on  meteors  contains  no  reforonce  to  anything  later  than  the 
shower  of  Ibiiii,  save  for  the  fall  of  a  single  meteorite  in  1890  ; 


the  Zodiacal  Light  is  "  supposed  to  be  due  to  sunlight  reflected 
from  minute  meteoric  particles  crowding  the  region  between 
the  sun  and  the  orbit  of  jMercury."  Still,  with  all  these  imper- 
fections, the  book  is  a  handsome  and  a  useful  one.  Chapters 
f  X.  and  XI.  on  the  moon  and  eclipses  are  especially  well 
illustrated. 

"Waves  and  Ripples  in  Water,  Air  and  ^ther."  By 
Prof.  J.  A.  Fleming,  F.R.s.  Pp.299.  Illustrated.  (S.P.C.K.)  .5s.— 
The  title  of  this  book  comprehends  the  most  important  branches 
of  physics  ;  fur.  according  to  modern  conceptions,  wive  mo'ion 
accounts  for  the  greater  part  of  physical  phenomena.  Waves 
and  ripples  in  the  air  lead  to  sound  and  music,  and  in  the  ajtber 
they  give  rise  to  light  and  electricity.  Prof.  Fleming  had  there- 
fore a  wide  subject  to  deal  with  when  he  gave  the  lectures  at  the 
Royal  Institution,  which  are  reproduced  in  the  volume  under 
notice.  Everyone  who  pees  this  book  will  be  glad  that  the 
lectures  are  now  available  to  a  wider  audience  than  that  of 
Albemarle  Street,  for  they  are  full  of  interest  and  instruction. 
The  style  is  easy  and  pleasant  to  read,  the  experiments  and 
other  examples  are  striking,  and  the  illustrations  are  clear  and 
attractive.  Prof.  Fleming  knows  how  to  deal  with  a  subject  in 
a  manner  which  claims  attention  and  commands  respect  for  the 
dignity  of  science  ;  for  this  alone  his  book  merits  many  readers. 
No  better  popular  yet  scientific  account  of  the  principles  upon 
which  wireless  telegraphy  is  based  could  be  desired  than  this 
volume  affords,  and  among  similar  subjects  effectively  dealt 
with  are  the  electron  theory  of  electricity,  the  relations  between 
light  and  electricity,  motions  of  vessels  m  relation  to  waves  in 
water,  experimental  tanks  for  the  study  of  motions  of  ships  of 
various  designs,  earthquake  waves  and  the  phonograph.  Every 
page  contains  an  interesting  statement  of  fact  or  principle,  and 
we  urge  .all  who  desire  to  enrich  their  knowledge  to  obtain  a 
copy  of  Prof.  Fleming's  book. 

"Publications  of  the  Maharaja  Takhtasin.ji  Observa- 
tory, PooNA."  Vol.  L  "Report  on  the  Total  Solar 
Eclipse  of  January  21-22,  1898,  as  observed  at  Jour, 
IN  Western  India."  By  Kavasji  Dadabhai  Naegamvala, 
M.A.,  f.r.a.s  ,  etc..  Director  of  the  Observatory.  —  It  is 
nearly  five  years  since  the  total  solar  eclipse  occurred,  the 
observations  of  which  Prof.  Naegamvala  here  reports.  This 
delay  is  certainly  much  to  be  regretted,  since  two  important 
eclipses  have  taken  place  in  the  interval,  but  in  all  probability 
the  delay  has  arisen  from  causes  quite  bej'ond  Prof.  Naegamvala's 
control.  The  report  bears  strong  evidence  to  Prof.  Naegamvala's 
energy  and  power  of  organisation  in  bringing  together  and 
equipping  so  well-ordered  a  force  for  the  observation  of  the 
eclipse.  The  most  important  work  which  he  undertook  was 
spectro.scopic,  and  his  most  powerful  instrument  a  Cooke  triple 
achromatic,  of  six  inches  ajierture,  used  with  two  prisms  of  45° 
as  a  pi-ismatic  camera,  and  a  series  of  successful  photographs 
were  taken  with  it.  Of  these,  the  first  plate,  taken  at  the 
instant  of  second  contact,  appears  of  most  importance,  and  a 
long  list  is  given  of  the  bright  lines  measured  upon  it.  Tliis 
plate  was  specially  exposed  for  the  purpose  of  the  study  of  the 
"  Flash,"  and  it  is  disappointing  to  find  that  Prof.  Naegamvala 
does  not  ve'nture  to  draw  any  conclusion  as  to  the  relation  of 
the  "Flash"  to  the  Fraunhofer  spectrum.  He  quotes,  indeed,  at 
length  Mr.  Maundcr's  statement  of  the  points  at  issue  from 
Knowledge  for  August,  1898,  but  has  nothing  to  say  as  to  the 
light  which  his  results  can  throvv  upon  them.  With  some  of 
his  smaller  spectrographs  he  obtained  important  spectra  of  the 
corona,  beside  photographs  of  the  corona  itself  with  various 
instruments.  A  fine  composite  drawing  of  the  corona  from  the 
latter  photographs  made  bj-  Mr.  Henry  Cousens,  Superintendent 
of  the  ArchiBological  Survey,  to  whom  several  of  the  plates  of 
spectra,  and  some  very  interesting  studies  of  coronal  types  are 
also  due,  forms  the  frontispiece  to  the  volume. 

"The  Flora  of  the  East  Riding  of  Yorkshire, 
INCLUDING  a  Piiysiographical  SKETCH.''  By  Jas.  Fraser 
Robinson.  (Brown  &  Sons.  1902.)  7s.  6d. — The  North 
Riding  of  Yorkshire  has  had  an  able  botanical  exponent  in  Mr. 
J.  G.  Baker,  and  the  West  Riding  iu  Dr.  .^.rnold  Lees.  Now 
the  East  Riding  has  also  a  flora  of  its  own,  thanks  to  Mr. 
Robinson  an  1  the  Members  of  the  Hull  Scientific  and  Field 
Naturalists'  Club.  Among  the  many  local  floras  published  of 
late  years  the  present  book  will  take  a  high  place.  There  is 
throughout  a  good  sense  of  proportion  ;  the  general  featui-es 
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are  ably  dealt  with,  and  the  work  is  not  weighted  with  an 
unwieldy  mass  of  detail.  The  introductory  matter  is  especially 
well  worked  out.  The  geology  and  physiography  of  the  area 
are  described  clearly  and  well,  and  their  relation  to  the  flora 
fully  set  forth.  The  flora  is  analyzed  according  to  petrological 
conditions,  and  also  according  to  water  supply  and  nature  of 
soil.  The  history  of  the  progress  of  research  in  the  flora  of  the 
East  Riding  is  sympathetically  treated.  A  condensed  account 
of  local  meteorology  is  also  given,  sufficient  for  the  needs  of 
the  botanist.  It  is  stated  that  "  alien  plant  names  are  always  in 
italics  "in  the  body  of  the  book,  but  this  salutary  rule  is  not 
invariably  carried  out,  and  certain  aliens  and  casuals  appear 
in  the  same  type  which  is  accorded  to  native  species.  The 
"  incognita,''  too,  which  include  some  records  admittedly 
erroneous  (e.'/.,  Carex  Davalliamt),  are  printed  without  any 
distinguishing  mark  as  regards  type,  which  is  hardly  satisfactory. 
But  these  are  minor  blemishes. 

"Niels  Henrick  Abel  :  Memorial  publie  .\  l'occasion  du 
Centenaire  de  sa  xaissaxce."  Edited  by  Elliug  Hoist,  Carl 
Stormer,  and  L.  Sylow.  (Kristiania  :  Jacob  Dybwad.  London  : 
Williams  &  Norgate.  1902.) — Now  that  Abel's  great  mathe- 
matical discoveries  have  been  universally  acknowledged,  it  is  as 
easy  as  it  is  useless  to  sing  his  praises.  Let  us  rather  avail 
ourselves  of  the  story  of  his  life,  as  told  by  M.  Elliug  Hoist  in 
this  fitting  commemoration  of  the  centenary  of  Abel's  birth, 
and  tike  a  lesson  from  it.  Instead  of  a  man  on  whom  fortune 
smiled,  we  find  a  young  lad  with  a  passionate  enthusiasm  for 
mathematics,  struggling  in  the  face  of  adversity,  whose  academic 
Alma  mater  denies  him  the  bare  means  of  subsistence,  whose 
career  is  a  short  but  hard  fight  against  ill  fate.  Both  at  school, 
after  his  mathematical  ability  had  been  discovered  by  Holmboe, 
and  at  the  University  of  Christiania,  his  life  is  on  the  whole  a 
hajipy  one,  and  at  the  end  of  his  academical  curriculum,  he 
obtains  a  scholarship  to  enable  him  to  travel  abroad  for  two 
years.  But  before  that  time  has  elapsed,  the  chair  of  mathe- 
matics, which  he  of  all  men  is  best  qualified  to  fill,  has  been 
awarded  to  his  old  teacher,  Holmboe  ;  the  experienced  teacher, 
as  so  often  is  the  case,  being  prefei-red  to  the  rare  genius.  On 
his  return  home,  he  seeks  to  obtain  the  bare  means  of  subsis- 
tence while  he  is  carrying  on  his  important  researches,  but  his 
appeal  to  those  in  authority  meets  with  a  curt  refusal,  and  it  is 
only  by  repeated  applications  that  he  obtains  a  pittance  less 
than  that  of  any  other  "  privat-docent,"  indeed,  as  M.  Hoist 
puts  it,  "  too  small  to  live  or  die  on.''  From  Crelle,  in  Berlin, 
he  has  received  every  encouragement.  Crelle  publishes  his 
works  and  will  gladly  find  emplojTnent — such  as  he  can  oflEer — 
for  him.  At  Paris, he  as  a  foreigner  has  met  with  but  little  success, 
and  his  paper  containing  the  epoch-making  discovery  known  as 
Abel's  theorem  has  been  laid  aside  and  neglected  by  those 
to  whom  it  was  confided  for  publication.  Instead  of  remaining 
under  Crelle  he  considers  it  his  duty  to  return  to  his  own 
university,  where  he  becomes  a  cat  out  of  kind,  a  sort  of  homme 
incontpris.  His  extraordinary  genius  finds  no  opening  in  an 
academic  bodj',  the  ruling  powers  of  which  might  be  described 
as  good  but  not  exceptional  men.  The  discovery  that  another 
worker,  Jacobi,  is  developing  a  theory  of  elli])tic  functions  on 
parallel  lines  to  Abel's,  combined  with  the  hardships  he  had 
undergone,  no  doubt  tended  to  bring  about  the  illness  by  which 
Abel's  career  was  terminated,  two  days  before  his  good  friend 
Crelle  wrote  definitely  informing  him  of  his  appointment  to  a 
chair  at  Berlin.  This  was  in  April,  182'J,  only  three  and  a  half 
years  after  the  commencement  of  Abel's  foreign  expedition. 

Now  what  makes  the  story  of  Abel's  life  the  more  painful  is 
the  thought  that  a  man  of  Abel's  type  would  fare  no  better  at 
an  English  university  at  the  present  day  than  Abel  himself  did 
at  Chi-istiania  nearlj'  three-quarters  of  a  century  ago.  Like 
Abel,  he  would  find  plenty  of  "kind  friends"  who  would  tell 
him  that  his  work  would  secure  for  him  a  world-wide  reputation, 
but  they  would  not  raise  a  hand  to  give  him  substantial  assis- 
tance. Thej-  would  counsel  him  to  continue  his  researches  and 
to  wait  on.  because  ''an  opening  for  him  would  be  sure  to  occur 
very  soou,''  but  when  the  opening  did  occur,  they  would  vote 
for  the  man  of  mediocre  ability  as  against  the  genius.  If 
Oxford  and  Cambridge  do  not  possess  Abels,  they  at  any  rate 
train  mathematicians  and  others  up  to  the  stage  when  they  may 
be  comnetent  to  undertake  research  work  that  is  useful  and 
interesting.  That  these  men  are  advised  to  remain  at  the 
University  with  the  prospect  of  obtaining  appointments,  which 


are  afterwards  refused  them  and  allotted  to  others,  is  an  ex- 
perience far  more  common  than  is  generally  known.  The 
practice  is  a  mischievous  one  which  cannot  be  too  severely 
condemned,  and  it  is  to  be  hoped  that  those  who  arc  in  danger 
of  falling  victims  to  it  will  take  warning  by  the  fate  of  Abel. 
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CLOUDS  AS  SEEN  FROM  CLOUD  LEVEL. 

By  Rev.  John   M.  Bacon,  j.k.a  .s. 

In  aerial  travel  there  is  often  some  little  difficulty  m 
determining  what  is  actual  cloud  level ;  and  in  consequence 
it  is  not  always  easy  to  form  a  correct  idea  of  the  true 
aspect  of  clouds.  If  cloud  be  lying  beneath  an  observer 
it  may  be  quite  impossible  for  him  to  judge  by  the  eve 
whether  the  upper  limit  be  a  hundred  feet  or  a  thousand 
feet,  or  even  twice  that  distance  below  him  ;  and  this  will 
make  all  the  diii'erence  in  the  estimate  that  is  made  of  the 
true  form  and  comjjositiou  of  the  cloud-mass.  No  doubt 
the  remarkable  transparency  of  aerial  space  at  high 
altitudes,  and  the  absence  of  any  intermediate  objects  to 
aid  the  eye  in  forming  a  right  judgment  uf  scale  or 
distance  is  the  chief  cause  of  the  difficulty  referred  to. 
Kinchin junga,  as  seen  in  exceptionally  transparent  air 
from  Darjeeliiig,  often  seiims  to  the  eye  scarcely  more  than 
a  mile  distant,  though  in  reality  it  is  forty,  aud  obviously 
the  true  character  of  that  mountain's  slojjes  will  be  more 
or  less  accurately  described  by  an  observer  according  as 
its  true  distance  is  duly  estimated. 

The  accompanying  group  of  photographs  show  the 
strikingly  different  aspects  of  the  upper  surface  of  a  cloud- 
mass  as  seen  from  different  heights.     The  first  photograi>h 


May,  1903.] 


KNOWLEDGE 


115 


was  takeu  practically  at  the  cloud  level,  the  second  at 

about  a  thousand 
feel  above,  and  the 
third  at  fully  a  mile 
above  the  limit  of 
1  he  cloud.  Tet  even 
in  this  last  ease  the 
cloud  appeared  but 
as  an  extended  iloor 
lying  only  a  few  feet 
below  the  car;  and 
.^^  «^^l_^^^^       i^i»    judged    by    the 

^|g|hi''^>li|||fe|g|M|wiPI^^M^^V        eye    it     seemed    iu- 
""^  ~  explicable    how    the 

trail  rope,  a  hundred 
yards  long,  was  not 
immersed  in  it. 
Thus  anyone  who 
had  not  tested  the 
depth  of  the  intervening  distance  and  describing  simply 
what  he  appeared  to  see,  would  record  that  the  upper 
surface  of  the  cloud  in  question  closely  resembled  a 
snow  field  whose  surface  had  been  slightly  ruffled  into 
shallow  parallel  ridges.     If  the  same  impei'feetly  informed 

individual  were 
judging  simply  from 
such  appearances  as 
are  presented  by  the 
second  photograjjh 
he  would  give  a 
modified  but  scarcely 
more  accurate 
ilescriptiou. 

The  true  nature  of 
the  cloud  limit  as 
investigated  from  its 
own  level  wdl  be 
discussed  directly. 
Meanwhile  it  will 
scarcely  need  poiut- 
Pjq    2  ing   out  that  what  a 

balloonist  commonly 
sees  on  a  cloudy  dux  at  cloud  level  is  simply  a  dense 
stratum  of  mist,  such  as  constantly  rests  on  the  surface 
of  the  earth,  often  upwards  of  a  thousand  feet  in  depth, 
dark  in  its  lower  regions,  but  growing  lighter  as  you 
ascend  until,  if  the  sun   be  brightly  shining  above,  you 

are  on  reaching  the 
fringe  bathed  in  an 
atmosphere    of     the 
most  dazzling  lumi- 
nosity.     Then  in   a 
general  way  as   you 
'■merge      you      find 
Niiurself   surrounded 
I'V       huge     Hcecy 
I'lllows  tossed  mo>in- 
lains  high,  the  true 
regularity    of    which 
only    becomes  appa- 
rent when  you  have 
climbed  high  enough 
to     look     down     on 
the  billow  crests  and 
find  them  in  arrange- 
ment   (as  shown    in  Fig.   1),    somewhat   resembling   the 
surface  of  a  storm-tossed  sea,  though  they  have  always 
appeared  to  me  to  resemble  more  closely  the  arrangement 
of  wreaths  of  smoke  trailing  behind  a  passing  train,  or 
streaming  from  an  ill-stoked  factory  chimney,  and  due  to 
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the  rhythmic  "  cling  and  release  "  of  the  gaseous  cloud  ere 
it  issues  from  the  aperture 

A  closely  analogous  appearance  may  often  be  noticed 
when  a  thui  layer  of  snow  on  a  level  close-cut  lawn  has 
been  thawing  vmder  the  action  of  a  breeze  of  some  little 
strength.  The  snow  may  be  seen  to  thin  away,  not  so 
much  in  patches  as  in  furrows,  leaving  broken  but  regular 
ridges  lying  athwart  the  direction  in  which  the  wind  is 
blowng. 

When  cloudlets  wander  by  at  nearly  the  level  of  the 
observer — and  it  is  astonishing  how  often  such  cloudlets 
though  at  close  range  will  be  found  drifting  at  a  different 
speed  from  that  of  the  balloon — they  are  seldom  of  the 
roughly  globular  masses  which,  through  foreshortening, 
they  appear  from  below.  They  are  generally  rather 
elongated  columns  leaning  forward  with  the  wind.  Larger 
detached  cloud-masses  may  retain  their  heaped  appear- 
ance, but  as  they  are  in  a  condition  of  wasting  away  their 
entire  surface  at  a  close  view  is  frayed  and  withered. 

Such  a  cloud  is  shown  in  the  accomj)anying  photograph, 
and  bears  the  shadow  of  the  balloon  somewhat  strikingly 
displayed   upon  it.     Indeed  this  shadow,  projected  with 
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clearly-defined  outlines  ujKin  so  filmy  a  background,  and 
suiTouuded,  as  it  generally  is,  with  iridescent  rings,  invi- 
sible in  a  photograph,  but  of  great,  beauty,  never  fails  to 
elicit  expressions  of  delight  and  astonishment  from  those 
who  behold  it  for  the  first  time.  The  clouds  I  am  here 
describing  are  in  their  nature  and  composition  very 
different  from  the  comjiact  and  newly-created  cumulus 
cloud,  whose  surface  is  of  closer  texture,  and  whose  level 
underside  betrays  so  clearly  the  j^lane  of  demarcation  of 
the  air  stratum  above  which  it  has  been  formed,  and  on 
the  surface  of  which  it,  so  to  speak,  floats.  The  most 
remai-liable  levelling  of  the  under-surface  of  a  cloud 
occurs  perhaps  when  the  doud-uiasses  are  drifting  up  from 
a  moist  quarter,  while  below  them  is  flowing  a  dry  air 
stream,  most  often  from  the  east.  Under  these  circum- 
stances the  base  of  the  cloud  is,  as  it  were,  mown  perfectlv 
flat. 

Another  remarkable  feature,  to  be  noticed  on  the  upper 
surface  of  clouds,  and    which  has  K'cn  revealed  probably 
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only  to  the  aeronaut  sailing  at  their  level,  is  when  a  cloud 
stratum  assumes  the  appearance  of  long  rollers,  due 
apparently  to  the  action  of  enormous  waves  of  air.  Such 
appearances  have  been  more  particularly  noted  on  the 
Continent,  where  the  rollers  have  been  estimated  as 
measuring  a  third  of  a  mile  from  hollow  to  hollow,  and  in 
this  strikingly  bearing  out  Professor  Helmholtz's  theory 
with  regard  to  the  extent  of  atmos|iln'ric  waves. 

It  is  when  a  cloud  stratum  has  been  subjected  for  hours 
to  the  action  of  a  hot  sun  that  it  will  begin  breaking  up 
into  chinks  and  hollows,  which  come  as  a  revelation  to 
the  aerial  voyager.  These  are  seen  by  him  when  at  a 
short  distance  above  the  cloud  level  long  before  any  rifts 
in  the  cloud  ceiling  are  noticeable  from  the  earth.  At 
first  they  appear  as  mere  dark  pits  or  clefts ;  and,  if  the 
sun  be  low,  may  scarcely  be  distinguished  from  the  mere 
furrows  or  hollows  of  the  cloud  thrown  into  shade.  But 
attentive  watching  will  presently  reveal  the  fact  that 
brighter  objects  on  the  earth — road»vays,  water,  or  white 
buildings — are  flitting  past  underneath. 

Sometimes,  however,  it  is  the  observer  below  whose 
vision  can  best  gauge  and  penetrate  a  cloud.  For  instance, 
the  density  of  an  attenuated  cloudlet  is  apt  to  be  wrongly 
estimated  by  an  observer  who  is  immersed  within  it.  Thus 
a  balloon,  as  observed  from  the  earth,  may  be  only  thinly 
veiled  by  a  cloud  which  nevertheless  completely  blots  out 
all  objects  from  the  aeronauts  themselves. 

It  is  no  uncommon  experience  when  level  with  a  bed  of 
stratus  cloud  to  see  cumulus  cloud  masses  rising  and 
rearing  themselves  into  heaps  above.  A  very  similar 
phenomenon,  and  one  of  rare  beauty,  is  often  to  be  seen 
from  aloft  on  overcast  days,  when  perhaps  a  leaden  sky 
overhangs  all  the  laud.  Under  such  conditions  I  have 
found  the  cloud  bed,  which  I  have  probably  entered  before 
an  altitude  of  "2000  feet  has  been  reached,  to  be  upwards 
of  1000  feet  thick,  and  the  ujiper  surface  to  be  of  one 
general  level  extending  as  far  as  the  eye  can  reach.  Here 
and  there,  however,  this  general  level  will  be  reared  into 
a  stately  dome  without  assignable  cause,  and  suggesting 
the  thought  that  a  mountain  peak  must  be  beneath. 
Professor  McAdie  has  obtained  some  magnificent  photo- 
graphs from  Mount  Tamalpais  of  this  appearance,  which 
he  has  designated  cloud  pyramid,  and  which  he  has  dis- 
covered to  manifest  itself  over  land  which  is  perfectly 
level.  The  phenomenon  may  occur  towards  evening,  when 
the  upper  air  is  beginning  to  reach  a  higher  temperature, 
and  the  cloud  column  must  be  attributed  to  ascending 
currents.  Instead  of  assuming  the  form  of  dome  or 
pyramid  the  mass  upreared  will  sometimes  simulate  the 
appearance  of  a  vast  wave  breaking  into  spray,  and  attended 
as  it  were  with  veritable  "  spindrift"  borne  away  on  the 
gale.  Under  these  circumstances,  it  seems  little  less  than 
a  mystery  that  such  a  fugitive  and  ethereal  object  can 
possess  so  much  permanence  as  to  remain  practically 
unaltered  in  appearance  for  a  long  period. 

There  are  certain  days  when  though  the  sky  may  be 
devoid  of  actual  cloud,  it  is  full  of  an  iudefinite  haze 
which  is  the  ultimate  form  of  cloud.  On  such  days  you 
may  ascend,  and  by  the  time  the  first  mile  has  been 
climbed  you  may  be  looking  do'ivn  on  a  universal  lake  of 
haze,  the  upper  limit  of  which  is  as  well  defined  and  level 
as  the  surface  of  still  water,  while  overhead  the  sky  is 
absolutely  clear. 

As  to  the  upper  clouds  which  the  balloonist  in  a  general 
way  does  not  reach,  it  can  only  be  said  that  from  ordinary 
"  cloud  level  "  they  appear  more  clearly  defined  and  nearer 
than  when  viewed  from  earth,  not  merely  because  they  are 
actually  beheld  at  closer  range ;  but  also  because  they  are 
now  seen  in  a  transparent  sky  of  purest  and  deepest 
blue. 


Conducted  by  M.  I.  Cross. 

THE    MOUTH    PARTS    OF    THE    TSETSE    FLY. 
By  W.  Wesch^,  f.r.m.s. 

[Continued  frnm  page  92.) 
There  is  little  doubt  that  the  suctorial  mouth  parts  in  the 
Mucidse  were  evolved  from  an  ancestor  with  complete  biting 
mouth  parts,  and  it  is  curious  and  interesting  to  find  that  this 
suctorial  mouth  is  again  modified  iu  the  Tsetse  into  a  biting, 
or  blood-sucking  mouth.  But  there  is  no  retrogression  to  the 
earlier  type,  the  maadibles  do  not  emerge  from  the  upper  part, 
or  the  maxillse  from  the  lower,  but  the  develo])ment  is  on  fresh 
hues.  The  lower  lip  has  become  horny,  by  a  simple  process 
of  the  chin  plate,  the  mriitum,  having  spread  over  its  membrane, 
at  the  same  time  contracting  it,  and  shrinking  it  into  a  slender 
tube.  But  at  the  extremity,  instead  of  the  tracheated  discs,  we 
find  the  tip  modified  into  a  series  of  laminated  hard  ridges,  and 
at  the  extremity  of  these  ridges  the  teeth,  which  in  the  suctorial 
mouth  were  inside  and  lower  down  (Figs.  1  and  'I).  The  reason 
of  these  changes  is  obvious  ;  it  is  necessary  for  the  proboscis  to 
become  hard  and  strong  in  order  to  penetrate  the  thick  skin  of 
large  herbivorous  mammals.  On  examining  the  tip  of  the  part 
with  higher  jiowers  the  resemblance  of  the  laminated  structure 
to  that  on  the  ovipositor  of  some  flower-haunting  Hemi])tera 


FlO.  1. — Mouth  parts  of  Tsetse  fly  {Glo':sina  morsitans).  (All 
lateral  views.)  FlO.  2.— The  tip  of  the  proboscis  of  the  Tsetse  Hy 
more  magnified,  showing  cliitinous  ridges  and  teeth.  Flo.  3. — Tip 
of  ovipositor  of  Capsus  latiiarus,  sho%ving  the  chitinoua  ridges  used 
in  piercing  stems  of  plants.  Fia.  4. — Mouth  parts  of  Utomoxi/^ 
calcitrans,  L.,  a  very  common  British  blood-sucking  fly.  FiG.  5. — 
Mouth  parts  of  Hcsmatobia  irritans,  L.,  a  British  blood-sucking  ily. 
Fig.  6. — Mouth  parts  of  Proscna  si/Hrita,  F.,  a  British  flower- 
feeding  fly. 

is  evident.  The  ovipositor  in  these  insects  is  used  to  bore  into 
wood  (Fig.  3).  On  the  suctorial  mouth  there  are  two  transverse 
levers  which  expand  the  discs  ;  these  are  very  well  marked,  and 
obviously  homologous  in  the  Tsetse  fly.  The  lancet  hypo- 
ph.arynx)  seems  to  have  weakened  and  the  upper  li])  to  have 
atrophied.  This  is  probably  occasioned  by  disuse,  though  in 
Stomo.ci/x  both  these  organs  are  present  (Fig.  4).  The  palpi 
have  greatly  lengthened,  showing  that  they  have  important 
work  to  do.  In  our  Enghsh  Htimalobia  iniUins  this  has  also 
taken  place,  but  in  H.  siimtilans  and  Stomoxyn  calcitrans  we 
find  them  of  the  usual  size,  or  even  in  a  degenerate  state  (Fig.  5). 
The  proboscis  of  Prusena  syburita  is  even  more  like  that  of 
the  Tsetse  than  those  mentioned,  but  its  use  is  quite  different ; 
it  is  used  to  suck  the  juices  from  the  long  tubes  of  flowers,  but 
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there  can  be  little  doubt  that  the  development  has  been  on 
similar  lines,  though  P.  aybarita  has  the  trachae  still  showing  at 
the  end.  This  is  a  stage  through  which  Glosnina  undoubtedly 
passed  before  it  developed  the  chitinoua  ridges  that  now 
characterise  it  (Fig.  G).  The  large  swelling  at  the  base  of  the 
proboscis  was  for  some  time  thought  to  be  the  receptacle  for 
the  Tsetse  poison.  This  was  plausible,  but  has  no  foundation  in 
fact,  as  this  part  is  simply  full  of  the  complicated  muscles 
necessary  for  the  working  of  the  proboscis.  The  herptomonads 
which  are  the  pathological  element  are  an  accident,  and  even 
an  unfortunate  accident  regarded  from  the  Tsetse  point  of 
view.  They  form  part  of  the  food  of  the  insect,  sucked  with 
the  blood  from  the  antelopes  and  zebras,  and  may  be  found  in 
any  part  of  the  alimentary  canal.  Till  the  Tsetse  has  sucked 
the  blood  of  an  infected  animal  it  is  like  the  Anopheles 
mosquito  in  a  similar  state,  perfectly  harmless. 

I  have  been  asked  to  s.ay  where  specimens  of  Tsetse  can  be 
obtained.  I  am  afraid  that  they  are  very  difficult  to  come 
by.  The  only  chance  is  through  friends  in  Africa,  and  that 
chance  but  a  remote  one,  as  man  avoids  the  Tsetse  country  as 
much  as  possible.  Even  if  the  flies  can  be  caught  it  requires  a 
certain  measure  of  skill  to  set  them  properly,  and  they  will 
probably  arrive  in  a  very  unsatisfactory  state. 

In  the  Natural  History  Museum  at  Cromwell  Road  is  one 
of  the  earliest  specimens  obtained.  This  was  sent  home  by 
Dr.  Livingstone,  and  is  simply  the  insect  crushed  on  a  piece  of 
paper.  This  is  cherished  as  a  relic  of  the  great  explorer,  but  is 
a  sorrowful  object  to  an  entomologist.  I  have  also  seen  some 
that  another  great  traveller.  Captain  Speke,  collected  ;  these 
were  pro]ierly  pinned  and  set,  and,  considering  how  many  years 
they  have  been  in  the  Museum,  are  in  fairly  good  condition. 

The  figures  are  drawn  from  preparations,  cleared  and  mounted 

with  pressure.  ■-.-. 

"THE  HELMHOLTZ  THEORY  OF  THE  MICROSCOPE." 

The  meeting  of  the  Royal  Microscopical  Society  on  March 
18th  was  devoted  to  a  paper  by  Mr.  J.  W.  Gordon  on  "  The 
Helmholtz  Theory  of  the  Microscope."  Mr.  Gordon's  paper 
was  sugges-ted  by  an  article  which  Helmholtz  contributed  in 
1874  to  Pot/!/en(luifs  Annalen  under  the  title,  ",The  Theoretical 
Limit  of  Resolving  Power  in  the  Microscope  ''  ;  "  the  merit  of 
which  '' — in  Mr.  Gordon's  opinion — "  lies  not  in  this  formal 
result  (that  is,  the  demonstration  of  a  definite  limit  of  resolving 
power),  which  is,  in  fact,  not  successfully  established,  but  in  the 
line  of  investigation  which  Helmholtz  here  strikes  out,  and 
without  following  it  to  its  practical  issues,  pursues  far  enough 
to  present  his  readers  with  a  surfeit  of  interesting  and  valuable 
suggestions.  These  suggestions  are,  many  of  them,  so  obscure 
and  conveyed  by  such  subtle  hints  that  they  may  well  escape 
attention,  and  apparently  they  have  escaped  attention  to  the 
present  day." 

Mr.  Gordon  attempted  the  extremely  difficult  task  of  giving 
an  account  of  Helmholtz's  paper  without  "  its  somewhat 
repulsive  mathematical  garb,  "  a  task  the  more  difficult  in  the 
present  case  because  Helmholtz  himself,  in  a  postscript,  frankly 
acknowledging  the  priority  of  Prof.  Abbe  with  regard  to  the 
enunciation  of  the  several  theorems  contained  in  his  paper, 
suggests  as  the  latter's  only  scientific  justification  just  the 
mathematical  proofs  of  those  theorems  which  Abbe  had  not  then 
published. 

Briefly  stated,  Mr.  Gordon's  paper  gives  first  a  non-mathe- 
matical dissertation  on  the  theory  of  diffraction  and  difi'raction 
gratings,  which,  he  says,  Helmholtz  takes  for  granted,  and 
writes  as  abstrusely  about  as  the  most  hardened  mathematician. 
Then  follows  a  long  section  on  the  famous  Sine-condition, 
which  has  probably  suffered  most — as  compared  with  Helmholtz's 
lucid  i)apor — by  the  etfort  to  suppress  mathematics.  Finally 
the  contraction  of  the  emergent  pencils  with  increasing  magni- 
fying power  is  discussed  as  affecting  the  brightness  of  the 
image,  the  obtrusiveness  of  entoptic  appearances,  and  especially 
the  rapid  wi<iening  of  diffraction  fringes. 

It  is  in  this  last  section  that  Mr.  Gordon  finds  fault  with 
Helmholtz's  reasoning  and  endeavours  to  prove  him  in  the  wrong. 
It  is,  however,  to  be  feared  that  not  many  scientifically  educated 
microscopists  will  prefer  Mr.  Gordon's  arguments  to  those  of 
the  great  physicist. 

Having  convinced  himself  that  Helmholtz's  reasoning  as  to  the 
limit  of  resolution  is  quite  wrong,  Mr.  Gordon  once  more  tries 
to  suggest    improvements  of  the   microscope  which   would  or 


might  extend  its  powers.  It  will  be  remembered  that  about 
two  years  ago,  in  a  paper  read  before  the  Royal  Microscopical 
Society,  Mr.  Gordon  suggested  that  the  "  antipoints  "  might  be 
made  as  small  as  desired,  and  the  definition  accordingly  improved, 
by  some  arrangement  of  lenses  behind  the  objective.  This  time 
we  are  offered  an  oscillating  screen.  The  image  projected  by 
the  objective  is  to  be  focussed  on  a  finely  ground  glass-screen, 
which  is,  moreover,  to  be  set  oscillating  in  order  to  render  its 
grain  invisible  ;  and  the  image  so  projected  is  to  be  viewed  by 
a  second  microscope  so  as  to  get  a  high  magnification  without 
an  excessively  contracted  emerging  pencil. 

In  a  first  appendix,  Mr.  Gordon  gives  what  he  believes  to  be 
a  proof  of  the  .Sine-law,  or,  rather,  of  a  Sine-tangent  law  :  he 
also  endeavours  to  show  that  Hockin's  elegant  proof — as  accepted 
by  Prof.  Sir  Silvanus  Thompson,  Dr.  Czapski,  and  other  autho- 
rities— is  wrong.  In  a  second  appendi.x  he  tries  to  prove  by  a 
kind  of  graphical  integration  that  lines  much  closer  than  would 
follow  from  Helmholtz's  formula  can  be  resolved. 

A  third  note  tries  to  prove  Helmholtz  in  the  wrong  as  regards 
the  impossibility  of  suppressing  diffraction-phenomena  ;  and  a 
fourth  points  out  an  error  in  a  published  translation  of 
Helmholtz's  paper. 

The  late  hour  at  which  the  reading  of  the  paper  was  con- 
cluded unfortunately  cut  short  what  might  evidently  have  been 
an  interesting  and  instructive  discussion.  Still,  it  sufficed  to 
show  a  strong  conviction  in  certain  quarters  that  Mr.  Gordon 
had  over-estimated  the  importance  of  "  the  Helmholtz  theory,'' 
and  h.ad,  at  the  same  time,  not  done  justice  to  the  lucid  reasoning 
of  the  original  paper. 

Mr.  Gordon's  interpretation  of  the  Sinelaw  was  particularly 
objected  to  (he  maintained  that  it  applied  to  objects  and  images 
of  sensible  size,  whereas  it  is  obviously,  as  a  strict  mathematical 
theorem,  limited  to  a  surface  element  in  the  optical  axis),  and  it 
was  pointed  out  that  he  had  not  given  Helmholtz's  proof  of  the 
Sine-law  proper  at  all,  which  Helmholtz  deduced  by  integration 
from  a  more  general  one  applying  to  all  centred  optical  systems, 
but  restricted  to  small  angles  of  divergence  and  of  incidence. 
Considerable  doubt  was  also  expressed  whether  the  oscillating 
screen  would  put  any  detail  into  the  image  which  could  not  be 
seen  with  a  suitable  eyepiece. 

A  careful  perusal  of  the  paper  and  a  comparison  with  the 
original  German  paper  of  which  it  is  meant  to  give  an  account 
must  convince  anyone  familiar  with  optical  and  microscopical 
theory  that  it  bristles  with  statements  which  invite  criticism. 


MONOCHROMATIC    LIGHT  {Continued). 

The  following  list  of  light  filters,  any  of  which  can  be  easily 
made,  and  will  be  found  invaluable  in  photo-micrography 
especially,  have  been  tried  in  actual  working.  They  are  from 
the  formulsB  of  Dr.  Nagel,  of  Freiburg,  and  with  others  of  a 
similar  nature  are  detailed  in  "  Biological  Laboratory 
Methods,"  by  Mell. 

OR.vxciE  Filter  for  the  spectrum  district  between  C  and  D. — 
Prepare  a  solution  of  acetate  of  copper,  add  a  few  drops  of 
acetic  acid,  and  then,  drop  by  drop,  a  concentrated  saflEranin 
solution,  until  the  solution  will  admit  no  more  violet,  blue, 
green  and  yellow  light. 

Yeli.()\v-ray  Fii.trr. — Add  to  a  saturated  acid  solution  of 
acetate  of  copper  a  saturated  acidified  solution  "  Orange  G." 
The  liquid  has  a  brown  appearance,  and  passes  only  a  small 
stripe  of  yellow  light. 

Green-yei.i.ow  Filter. — To  a  saturated  solution  of  bichro- 
mate of  potassium  acidified  with  acetic  acid,  add  crystals  of 
acetate  of  copper,  and  heat  the  solution.  The  green  liquid 
passes  only  monochrome  green  light. 

Blue-ray  Filter.—  A  weak  solution  of  methyl-gi-een  is 
mixed  with  acetate  of  copper  .solution  until  no  red  light  passes. 

Reference  was  made  in  the  last  number  to  theGifford  Screen 
for  line  F,  and  the  special  qualities  of  the  acetate  of  copper 
screen,  which  has  beeu  previously  described  in  these  columns, 
should  not  be  overlooked.  This  screen  consists  of  a  saturated 
solution  of  acetate  of  copper.  The  solution  is  placed  in  a 
trough  which  should  have  an  interval  between  its  back  and 
front  glasses  of  at  least  |-inch.  |-inch  exactly  absorbs  the 
red  end  of  the  spectrum  when  an  oil  lamp  having  a  ^-inch 
wick  is  used.  If  a  more  brilliant  illuminant  be  emplo3'ed 
an  increased  width  of  trough  might  bo  also  used  without 
disadvantage. 
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NOTES   AND   QUERIES. 

W.  N.  T. — The  merits  of  all  the  microscopes  you  name  are  so 
close  that  it  is  impossible  to  recommend  one  in  preference  to 
another.  So  much  depends  on  your  future  intentions,  and  if  you 
propose  to  do  progressive  work  preference  should  be  given  to 
an  instrument  which  can  have  extra  fittings  added  to  it 
from  time  to  time  to  make  it  quite  complete.  For  the  work 
you  name,  you  would  find  a  No.  2,  or  '•  B,"  ocular,  in  conjunc- 
tion with  1  inch  and  5  inch  objectives,  the  most  serviceable.  It 
is  unlikely  that  you  would  require  both  the  r|  inch  and  ^  inch  ; 
and  I  certainly  should  not  advise  the  use  of  a  deep-power 
eyepiece  for  the  comparatively  low-power  objectives  for  con- 
tinual work.  Better  results  are  always  secured  with  eyepieces 
of  low  power. 

W.  Bor/ers. —  (1)  Treatment  of  Fossil  Deposits  for  Diatoms. — 
Break  deposit  up  into  small  pieces  and  boil  in  a  strong  solution 
of  soda  bi-carbonate,  pour  ofl"  from  time  to  time  the  disintegrated 
material  into  a  beaker,  and  continue  the  boiling  until  all  the 
deposit  has  broken  up.  The  soda  solution  must  then  be  washed 
away  and  the  diatoms  boiled  for  about  15  minutes  in  nitric  acid, 
and,  when  clean  enough,  wash  away  the  acid  with  repeated 
changes  of  water,  then  boil  up  the  diatoms  in  distilled  water. 
(2)  Treatment  of  Sponges. — If  horny,  boil  in  liq.  potassa;,  then 
wash  spicules  with  water  to  remove  all  trace  of  potash  and 
mount  them  in  glycerine  jelly  or  Canada  balsam.  Siliceous 
sponges  must  be  boiled  in  nitric  acid,  then  washed  well  with 
water  and  mounted  in  glycerine  jelly  or  Canada  balsam.  For 
types  in  which  siliceous  spicules  are  embedded  in  horny  matrix, 
boil  in  liq.  potassas  for  a  few  minutes  to  disintegrate  the 
spicules,  then  boil  in  nitric  acid  to  clean  spicules,  wash  away 
acid  with  repeated  changes  of  water  and  mount  in  glycerine 
jelly  or  Canada  balsam.  ('A)  To  male  Camphor  Water. — Add 
some  pieces  of  camphor  to  distilled  water  and  let  it  stand  for 
24  hours,  filter,  and  then  you  will  have  a  3  per  cent,  solution  ; 
water  will  not  take  up  more.  Another  way  :  Dissolve  some 
camphor  in  rectified  spirit,  add  a  few  drops  of  distilled  water, 
shake  well  for  a  minute,  filter,  and  keep  in  a  stoppered  bottle. 
(4)  I  consider  a  2  inch  objective  better  for  small  seeds. 

C.  Zimmeriaann. — (1)  The  parasite  on  the  portion  of  pear  tree 
you  send  is  the  Pearl  Oyster  Scale  (Aspidiotus  ostrenformis !. 
(2)  The  only  fixing  medium  I  know  of  for  celloidin  sections  is 
Majer's  albumen,  but  I  do  not  think  any  is  required;  the  celloidin 
need  not  be  removed.  The  tissue  should  be  stained  in  bulk, 
embedded  in  celloidin,  cut  sections,  place  in  absulute  alcohol 
for  about  three  minutes,  clear  in  oil  of  origanum,  and  mount 
in  Canada  balsam.  The  celloidin  will  be  invisible.  (3)  There 
is  only  one  solvent  for  celloidin,  viz.,  eiiual  parts  of  absolute 
alcohol  and  ether. 

Communications  and  enquiries  on  Microscopical  matters  are 
cordially  invited,  and  should  he  addressed  to  M.  I.  Cross, 
Knov?ledge  Office.  326,  Bigh  Holhorn,  W.C. 


NOTES   ON   COMETS   AND    METEORS. 

By  W.  r.  Denning,  f.r.a.s. 

GiACOBixi's  CoMKT  (1902  i)\— This  small,  distant  comet  is  still 
visible  in  the  evenings,  and  will  be  situated  abnut  2'^  E.N.E.  of 
a  Getninorum  at  the  opening  of  May,  and  moving  slowly  eastwards. 
Recent  obsorvations  have  fully  confirmed  tlie  exceptionally  great 
perihelion  distance  (258  millions  of  miles)  di'rived  from  earlier  com- 
putations. This  distance  is  118  millions  of  miles  outside  the  mean 
position  of  the  orbit  of  Mars  and  in  the  region  of  the  minor  planets. 
On  May  1  the  comet  will  be  about  280  millions  of  miles  from  the 
earth. 

Peeiobicat,  Comets.—  Several  short-period  comets,  belonging  to 
the  Jovian  family,  are  due  to  return  to  perihelion  tliis  year,  but  the 
conditions  will  be  unfavourable  in  most  eases,  so  that  the  objects  will 
probably  escape  observation.  Giacobini's  comet  of  1896  (V.),  formerly 
supposed  to  have  a  period  of  9  years,  appears  to  revolve  in  only  6  647 
years  aicording  to  new  elements  computed  by  Ebell  (Ast.  Nach.  3848). 
It  will  return  during  tliepi'esent  spring,  but  only  as  a  very  faint  object. 
Perrine's  comet  of  18;'6  (YIl  )  should  pass  through  perihelion  on 
jipril  26,  and  Risteupart  gives  elements  corrected  for  perturbation  by 
Jupiter  in  Ast.  Nach.  38il.  But  the  prospect  of  seeing  the  object  is 
extremely  small,  for  when  at  its  briglitest  in  May  it  will  hare  only 
half  the  light  which  it  displayed  when  last  seen  in  1897  at  Northfield, 
Minn.,  on  which  occasion  the  aspect  of  the  comet  was  described  as 
"  most  exceedingly  faint "  as  viewed  in  a  16-ineh  refractor.  Spitaler'a 


comet,  1890  (VII.),  is  due  in  the  summer,  but  it  is  a  feeble  object, 
and  will  not  be  sufficiently  well  placed  to  be  re-observed.  Faye's  well- 
known  comet  ouglit  to  be  fairly  well  seen  in  the  autumn,  and  Brooks's 
comet  (1889  (V,)— 1896  (VI.))  will  rearli  perdielion  next  December, 
but  will  be  nearest  to  the  earth  at  the  mitldle  of  August.  Its  periodic 
time  is  2592  days  (7'1  years),  and  Seagrave  has  computed  a  search 
ephemeris  from  which  we  hope  to  give  extracts  in  later  months. 

Sounds  accompantixo  Metroks  and  Meteorites.  -Casual 
observers  sometimes  report  that  they  distinctly  beard,  simultaneously 
with  the  (light  of  a  meteor,  a  hissing,  rushing  or  whirring  sound. 
Many  instances  of  this  might  be  quoted  from  descriptions  of  meteoric 
apparitions  in  recent  years.  But  judging  from  the  circumstances  and 
from  the  nature  of  the  evidence  there  seems  little  reason  to  doubt 
that  in  all  such  cases  the  contemporary  sounds  were  either  imaginary 
or  produced  from  sources  altogether  different  to  those  assigned. 
Sound  is  a  slow  traveller,  and  even  admittingthat  a  meteor  penetrates 
the  air  to  within  25  mdes  of  an  observer,  the  noise  of  its  disruption  or 
concussion  could  not  reach  him  until  2  minutes  afterwards  imless 
there  is  some  law  of  acoustics  not  yet  understood. 

In  the  case  of  a  meteorite  close  to  the  earth's  cruet,  and  in  the  act 
of  subsiding  upon  it,  the  conditions  are  essentially  dissimilar,  for  its 
detonations  may  startle  an  observer  before  he  sees  the  falling  body 
strike  the  earth.  This  arises  from  the  remarkable  slowness  of  motion 
with  which  the  object  is  travelling.  Meteorites  usually  penetrate  the 
soil  to  the  depth  of  only  a  foot  or  so,  from  whence  it  is  evident  that 
their  velocity  can  scarcely  exceed  a  few  hundred  feet  per  second. 
The  meteorite  which  fell  at  Wold  Cottage,  Yorks,  on  1795,  December 
13,  was  dug  out  of  a  hole  18  inches  deep.  The  meteorites  of  1876, 
April  20,  and  1902,  September  13,  embedded  themselves  to  the  same 
depth  as  that  of  1795,  while  that  of  1881,  March  14,  was  discovered 
11  inches  below  the  surface. 

The  question  of  the  precedence  of  souud  in  attracting  attention  to 
these  events  formed  the  subject  of  an  interesting  discussion  at  a  recent 
meeting  of  the  British  Astronomical  Assuciation,  but  the  matter 
seemed  difficult  to  explain,  as  the  speakers  appeared  to  regard 
parabolic  or  planetary  speed  as  one  of  the  necessary  features  of  falling 
meteorites.  But  atmospheric  resistance,  and,  in  lesser  degree,  terres- 
trial attraction,  must  exercise  a  greatobstructive  influence  upon  objects 
of  this  class,  robbing  them  of  liheir  initial  speed  and  direction,  and 
ultimately  causing  them  to  descend  upon  the  earth  with  a  velocity 
comparable  with  that  of  terrestrial  bodies.  When  the  meteorite  of 
1881,  March  14,  reached  the  earth's  surface  its  velocity  was  only  412 
feet  per  second  (1  mile  in  13  seconds)  according  to  some  experiments 
specially  carried  out  by  Prof.  Herechel.  The  object  would  have 
acquired  this  rate  by  falling  freely  through  \  mile,  while  if  vertically 
descending  through  40  miles  it  would  have  reached  the  ground  with 
a  velocity  nine  times  as  great  as  that  observed.  *'  Sebiaparelli  has 
shown  that  if  the  law  of  resistance  for  planetary  motions  is  simdar 
to  that  derived  from  experiments  with  artillery,  then  a  ball  of  8  inches 
diameter  and  32  i  lbs.  weight  entering  the  atmosphere  with  a  velocity 
of  44t  miles  per  second  will  on  arriving  at  a  point  where  the 
barometric  pressure  is  still  only  yi^,  of  that  at  the  earth's  sur''ace, 
have  its  velocity  already  reduced  to3^milesa  second."  Such  meteors, 
therefore,  as  are  sufficiently  large  and  compact  to  be  practically 
stopped  in  their  courses  before  disruption  and  dissolution,  will  become 
cooler,  and  descend  leisurely  to  the  earth,  sometimes  travelling  with 
a  velocity  less  than  that  of  sound,  so  that  the  intimation  of  their 
downfall  is  conveyed  to  the  ear  quicker  than  to  the  eye  of  a  spectator 
who  may  happen  to  be  near. 


THE   FACE  OF  THE   SKY  FOR    MAY. 

By  W.  Shackleton,  f.r.a.s. 

The  Sun. — On  the  1st  the  sun  rises  at  4.37  and  sets  at 
7.19  ;  on  the  31st  he  rises  at  3.53  and  sets  at  8.2. 

The  minimum  of  svmspot  activity  seems  now  to  be  left 
well  behind,  and  spots  of  considerable  size  have  Ijeen 
recently  recorded.  At  the  time  of  writing  there  is  a  fairly 
large  spot  near  the  central  meridian. 

The  Moon  : — 


Phases. 

H.    M. 

Mav     4 

])    First  Quarter 

7    2(]    A.M. 

,.     11 

O  Full  Moon 

1     18    P.M. 

„     19 

{[    Last  Quarter 

3  18  P.M. 

,.   2(; 

0  New  Moon 

10  50  P.M. 

The  moon  is  in  perigee  on  the  1st  and  28th,  and  in 
apogee  on  the  16th. 


May,  1903. 


KNOWLEDGE, 


119 


The  following  are  the  two  principal  occultations  visible 
at  Greenwich  during;  the  mouth  ; — 


Star  Name. 

g 

a 

Disappearance. 

Beappearance. 

1 

Mean 
Time. 

Angle  from 
N.  Point. 

a  ^ 

la 
as 

a 

il 

"a 

May  2 

68Geminorum  5-0 
X  Ophiuchi         50 

h.  in. 
7  2.5  P.M. 
S    7  p.m. 

129 

54 

166 

h.  m. 

8  27  P.M. 

9  .5  p.m. 

301 
257 

263 

290 

d.  h. 

5    6 
15     7 

Cljcss  Column. 

By    C.    D.    LococK,    b.a. 


There  are  several  "  near  approaches  "  dnriug  the  month, 
notably  that  to  A  Geminorum  on  the  29th  at  It..'!  p.m.,  the 
star  just  escapiuo-  oecnltatioii. 

The  Planets. — Mercury  is  well  placed  for  observation 
during  the  evenings  of  the  early  part  of  the  month.  The 
(jreatt'd  eJoiujation  of  21°  31'  E  takes  place  on  the  10th, 
when  at  sunset  the  planet  is  fairly  high  up  in  Taurus, 
being  then  2^  hours  above  the  horizon.  Near  the  time  of 
greatest  elongation  the  planet  precedes  Venus  by  about  an 
hour,  so  that  with  the  help  of  the  demarcation  of  the 
ecliptic  by  the  line  joining  Venus  and  the  sun  it  should 
not  l)e  difficult  to  locate  the  position  of  Mercury. 

Venus  is  the  most  prominent  object  in  the  western  sky 
after  sunset,  and  cannot  fail  to  attract  the  attention  by  her 
brilliancy.  On  the  1st  she  sets  at  10.40  p.m.,  and  on  the 
31st  at  11.19  P.M.  The  apparent  diameter  of  the  planet"  is 
increasing,  being  1.'>"'0  at  the  middle  of  the  month  ;  also 
the  phase  is  becoming  prominently  gibbous,  0'74  of  the 
disc  being  illuminated.  On  the  evenings  of  the  20th  and 
21st  the  planet  will  be  close  to  the  star  e  Geminorum,  and 
on  the  evening  of  the  29th  she  will  be  in  proximity  to  the 
moon. 

Mars  is  an  evening  star  in  Virgo,  and  is  available  for 
observation  throughout  the  month  from  sunset  until  after 
midnight,  setting  on  the  1st  at  3.41  a.m.,  and  on  the  31st 
at  1.39  A.M.  There  is  no  mistaking  the  planet,  since  he 
is  the  brightest  object  in  the  sky  looking  southwards,  and 
also  on  account  of  his  ruddy  colour.  The  bright  star 
Arcturus  has  a  somewhat  similar  appearance,  but  it  is  not 
so  bright,  and  further  has  a  greater  altitude.  With  small 
telescopes  one  sees  the  disc  and  that  there  are  markings, 
but  it  is  difficult  to  delineate  them ;  also  the  polar  snow 
cap  is  not  showing  to  advantage.  About  the  middle  of 
the  month  the  diameter  of  the  planet  is  12"'0,  whilst  0'926 
of  the  disc  is  illuminated.  He  is  near  the  moon  on  the 
evening  of  the  7th,  and  ends  his  retrograde  motion  in 
Virg.>  on  the  11th. 

Jupiter  and  Saturn  bolh  rise  after  midnight.  Near  the 
middle  of  the  month  the  former  rises  aliout  2  a.m.,  and 
the  latter  about  1  a.m. 

Uranus  is  in  Ophiuchus,  rising  on  the  1st  at  11.13  p.m., 
an<l  on  the  31st  at  0.10  p.m.  On  account  of  his  extreme 
southerly  declination,  however,  he  is  not  favourable  for 
observation  this  month  at  convenient  times. 

Neptune  is  only  available  for  observation  during  the 
earlier  parts  of  the  month.  On  the  19th  he  is  very  close 
1o  ij  (Teminonnii,  hiiving  the  same  R.A.  :is  the  star,  and 
lH>ing  only  0^  9'  to  th<'  south  ;  in  fact  during  the  whole 
niontli  he  will  appear  in  the  same  fi<>ld  of  view  as  the  star 
if  not  loo  high  a  power  be  used.  A  few  observations, 
therefore,  will  detect  liini  on  iiecount  of  his  chnnging 
position. 

The  Stabs. — Aliout  10  i'..m,  at  the  middle  of  the  month 
Ursa  Major  will  be  nearly  overhead  ;  Arcturus  a  little  east 
of  south,  and  Spica  Virginis  on  the  meridian  ;  Leo  in 
the  so\ith-west,  and  Gemini  in  the  north-west ;  Cyguus  in 
the  north-east ;  V(»ga  high  up  in  the  east ;  Scorpio  rising 
in  the  south-east. 


Communications  for  this  column  should  be  addressed 
to  C.  D.  LococK,  Netherfield,  Caraberley,  and  be  posted 
by  the  10th  of  each  month. 

Solutions  of  A|ivil  Problems — CBy  C.  D.  Locock). 

No.  1. 
1.  R  to  R5,  and  mates  next  move. 

No.  2. 
1.  Q  to  Kt4,  and  mates  next  move. 

Solutions  received  from  "Alpha,"  2,  0 ;  W.  Nash,  2,  2  ; 
G.  A.  Forde  (Major),  2,  2  ;  "  Looker-on,"  2,  2  ;  A.  H.  H. 
(Croydon),  2,  2  ;  W.  H.  S.  M.,  2,  2  ;  G.  W.  Middleton,  2,  2  ; 
"Tamen,"  2,  0;  "Quidam,"  2,  2;  J.  W.  Dixon,  2,  2;  H.  F. 
Culmer,  2,  2;  T.  Dale,  2,  2;  A.  H.  Doubleday,  2,  2; 
W.  J.  Lawson,  0,  2  ;  C.  Johnston,  2,  2. 

G.  Heathcote  and  H.  F.  W.  Lane. — Many  thanks  for 
your  letters. 

/.  W.  Dixon. — Glad  to  hear  that  you  appreciate  the 
jirize  prolilems. 

A.  Lillie,  J.  C.  Camhj,  P.  G.  L.  F.,  H.  N.  Fellows.— 
Thanks  for  the  problems,  which  I  shall  lio]ie  tn  jjublisli  in 
the  com'se  of  the  year. 

Hamilton  White. — I  am  afraid  that  I  cannot  be  drawn 
by  your  counter-proposal  that  I  should  send  you  tlie 
solution  of  your  own  end-game.  In  stating  that  Black's 
moves  were  not  all  forced,  I  erroneously  put  "  Black  "  for 
"  White,"  Black  being  the  usual  defending  side  in  problems 
and  end-games  f(U-  publication.  Ton  will  see,  of  course, 
that  White's  4th,  .5th  and  (ith  moves  are  not  forced.  The 
promotion  to  a  Knight  may  be  a  little  unusual  in  actual 
play,  but  I  consider,  nevertheless,  that  the  whole  moduK 
operandi  is  a  little  too  obvious,  in  spite  of  the  testimony 
of  well-known  players  in  its  favour. 

G.  A.  Forde  { Mojor).— Yes.  the  solution  of  No.  2  last 
month  was  inaccurately  given. 

Alpha. — I  discarded  No.  2  many  years  ago  on  account 
of  the  second  solution  by  1.  Q  to  Q7;  but  the  Black  Pawn 
at  Kt2  now  prevents  this. 

W.  J.  Lawson.— li  1.  B  to  Q3,    P  x  Kt. 

"  Tamen." — Please  see  reply  to  "  Alpha  "  al)ove. 

W.  Jay. — I  much  regret  that  your  solutions  this  mouth 
were  too  late.  The  issuing  post-mark  is  "1  p.m., 
Ajiril  11."  

PROBLEMS. 

No.  1. 

By  W.  Geary. 

Buck  (Si. 


White  mates  in  two  moves. 
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No.  2. 
Bv  T.  Gearv. 


White  (7) 

White  mates  in  three  moves. 
CHESS  INTELLIGENCE. 

The  Inter-ITniversity  Match  took  place  on  March  23rd, 
the  scene  of  play,  after  the  lapse  of  many  years,  being 
once  more  the  St.  George's  Chess  Club.  The  result  was  a 
rather  decisive  victory  for  Cambridge.  Mr.  Pillsbnry 
officiated  as  adjudicator,  and  the  score  was  : — 

OSPOED. 

H.  F.  DavicUoD,  Exeter      ...  0 

H.  D.  Eoome,  llerton  0 

T.  H.  Bumpas,  St.  John's     .  J 

W.  M.  Grundy,  All  Souls'  . .  1 

H.  Tavlor,  Ba'lliol 0 


Cambridge. 
H.  A.  Webb,  Trinity 
H.  Bateman,  Trinity 
B.  Ct.  Brown,  Trinity 
Q-.  Leatbam,  St.  John's 
D.  Glavert,  Clare     ... 
L.  H.  Goh,  Emmanuel 
T.  Lodge,  Trinity    ... 


S.  C.  von  Emsthausen,  Balliol 
S.  N.  Foster,  Worcester 


On  March  27th  and  28tb.  O.xford  and  Cambridge  com- 
bined forces  to  play  their  fifth  match  by  cable  against  the 
American  Universities.  The  result  depended  on  Mr. 
Pillsbury's  adjudication  on  the  game  at  the  last  board, 
and  the'  award  of  this  game  to  the  English  team  gave 
them  the  victory.     Score  :  — 


OXFOED   &,   CaMBEIBGE. 

H.  A  Webb  (Camb.)  h 

H.  Bateman  (Camb.)  0 

H.  F.  Daridson  (Oxf.)  .  1 

H.  D.  Eoome  (Oxf.)  0 

T.  H.  Bumpas  (Orf.)  1 

B.  Goulding-Brown  (Camb.)  1 


Asiebican'Univeesities. 
C.  T.  Rice  (Harvard) 
F.  H.  Sewell  (Columbia)    ... 
J.  F   Sa-n-in  (Yale) 

—  Richardson  (Princetown) 
H.  A.  Eeeler  (Columbia)    ... 

—  Bridgeman  (HaiTard)    ... 


The  Anglo-American  cable  match  for  the  Newnes 
Challenge  Cup  was  played  on  April  3rd  and  4th.  Messrs. 
Pillsbury  and  Marshall,  being  in  London  at  the  time, 
played  their  games  over  the  board,  as  last  year,  and 
against  the  same  opponents.  The  result  in  Mr.  Pillsbury's 
case  was  again  a  drawn  game  against  Mr.  T.  F.  Lawrence, 
the  City  of  London  champion,  but  Mr.  Marshall  took  his 
revenge  on  Mr.  Atkins.  Mr.  Blackburne  played  in  his 
most  ingenious  style  against  Mr.  Barry,  but  eventually 
succumbed  under  great  pressure  of  the  time  limit.  Mr. 
Mills  drew  with  Mr.  Hodges,  as  everyone  predicted.  It 
does  not  speak  well  for  the  improvement  of  English  chess, 
that  the  two  players  new  to  the  team  were  frlayers  of  such 
long  standing  as  Messrs.  Gunston  and  Hooke.  The 
fonner  of  these,  a  very  sound  player,  and  an  exjiert  in 
correspondence  games,  certainly  justified  bis  inclusion. 
The  Americans  retained  possession  of  the  trophy ;  should 
they  do  the  same  next  year  it  will  become  theirs  finally. 
The  score  was  as  imder : — 


Englaxd. 
T.  F.  Lawrence 
J.  H.  Blackburne    ... 
D.  Y.  MUls 
H.  E.  Atkins 
G.  E.  Bellingham     .. 
H.  W.  Trcnchard 
R.  P.  Michell 
Herbert  Jacobs 
W.  H.  Gunston 
a.  A.  Hooke 


America. 
H.  N.  PUlsbury 
J.  F.  Barry  ..." 
A.  B.  Hodges 
F.  J.  Marshall 
E.  Hymes      .. 

H.  Voight     

C.  J.  Newman 

E.  Delmar 

C.  Howell       . 

H.  Helms     


41  H 

At  Monte  Carlo,  last  month.  Dr.  Tarrasch,  of  Nuremburg, 
won  his  sixth  international  tournament,  and  this  in  spite 
of  the  fact  that  he  scored  only  2'-  out  of  his  first  six  games. 
Nowadays,  owing  to  want  of  practice,  he  is  always  a  bad 
starter,  but  he  gradually  recovers  all  his  old  form,  and  in 
a  long  contest  like  that  under  notice  he  is  sure  to  be  near 
the  top.  For  a  long  time  Messrs.  Pillsbury  and  Teichmann 
held  the  lead,  but  ultimately  lost  their  jilaces,  and  were 
passed  by  Maroczy.  In  the  absence  of  Lasker,  Janowski, 
and  Tchigorin,  the  tournament  was.  of  course,  not  quite 
representative  of  international  strength,  but  there  seems 
to  have  been  only  one  really  weak  player.  The  final  score 
was : — First  Prize,  Dr.  S.  Tarrasch,  20 ;  Second  Prize, 
G.  Maroczv,  19  ;  Third  Prize,  H.  N.  Pillsbury,  18*  ;  C. 
Schlechter,"l7;  E.  Teichmann,  iGi  ;  G.  Marco,  15i  ;  F. 
Wolf,  14 ;  J.  Mieses,  13  ;  F.  J.  Marshall,  12  ;  J.  Mason 
and  S.  Taubenhaus,  lOj  ;  A.  Albin,  8  ;  Eeggio,  71 ;  Col. 
Moreau,  0. 

Yet  another  international  tourney  begins  at  Vienna  on 
the  1st  of  this  month,  the  "King's  Gambit  accepted" 
being  compulsory  in  every  game. 

Briyldon  Society  announces  a  three-move  problem 
tournament  in  connection  with  Das  Neue  Ilhtstrirte  Blati, 
the  idea  being  to  ascertain  what  kind  of  problem  will  best 
fall  in  with  the  widely  differing  views  of  English  and 
Continental  judges.  Mr.  B.  G.  Laws  will  be  the  English 
judge.  Entries  from  Great  Britain  should  reach  Mr.  Max 
J.  Meyer  (Chess- Editor  of  Brighton  Society),  St.  Charles, 
Percy  Road,  Bournemouth,  not  later  than  May  31st. 

Mr.  H.  N.  Fellows,  of  74,  Curzon  Street,  Wolverhampton, 
has  issued  a  short  and  clearly -written  pamphlet,  reprinted 
from  the  Wolverhampton  Journal,  on  the  art  of  solving 
three-move  chess  problems.  The  price  of  the  leaflet,  which 
is  intended  for  beginners,  is  2d.  post  free. 

All  mannscripts  should  be  addressed  to  the  Editors  of  Ksowle  dge,  32S,  High 
Holbom,  London;  they  should  be  easily  le^ble  or  typewritten.  All  diagrams 
or  drawings  intended  for  reproduction,  should  be  made  in  a  good  black 
medium  on  white  card.  While  happy  to  consider  unsolicited  contributions, 
which  should  be  accompanied  by  a  stamped  and  addressed  envelope,  the 
Editors  cannot  be  resiJonsible  for  the  loss  of  any  MS.  submitted,  or  for  delay 
in  its  return,  although  every  care  will  be  taken  of  those  sent. 

Communications  for  the  Editors  and  Books  for  Beview  should  be  addressed 
Editors,  Rnowlepoe,  326,  High  Holbom,  London. 

SUBSCRIPTION. — Annual    Subscription,    throughout    the    world, 

7s.  6d.,  post.  free. 
BOUND    yOLUMES.— The  yearly  cloth-bound  Volumes,  8s.  6d. 

postage  extra. 
BINDING. — Subscribers'    Numbers    bound    complete,   2s.    6d.    each 

Volume  ;     postage     extra.      Cases    for     Binding    sold 

separately.  Is.  6d.  each  ;  postage  extra. 
LANTERN  SLIDES  of  many  of  the  Plates  appearing  in  Knowledge 

may  be  obtained  from  Messrs.  Newton  &  Co.,  3,  Fleet 

Street,  London. 
REMITTANCES. — All  remittances  should   be  made  payable  to  the 

Publisher  of  Knowledge. 


For  Contents  of  the  Last  Two  Numbers  of  "  Knowledge,"  see 
Advertisement  pages. 
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MAN'S   PLACE   IN   THE   UNIVERSE. 

By  Camille  Flammaeion. 

The  pidhli'ius  which  the  emiueut  naturalist,  Riissel 
Walkwe,  has  just  brou<i;ht  under  discussion  are  certainly 
among  those  which  may  well  engas^e  the  attention  of 
Ihiukers,  uo  matter  to  what  school  of  philoso^ihy  they 
helonw.  It  would  take  too  long  to  e.xauiine  them  in  detail, 
Imt  we  can,  in  a  glance,  easily  take  account  of  the  weakness 
and  fragility  of  the  fcnindatiou  upon  which  he  seeks  to 
raise  his  new  anthrojiocentric  theory. 

The  funilamental  astronomical  thesis  of  the  author  may 
be  thus  summarized :  The  number  of  the  stars  is  not  infinite ; 
the  entire  universe  is  rei>resented  by  the  agglomeration  of 
stars,  of  which  the  Milky  Way  marks  the  principal  plane; 
our  siiu  is  ill  the  centre  of  tiie  universe. 

We  may  at  once  grunt  that  the  number  of  the  stars  is 
not  iutiniti'.  Besides,  there  are  here  two  contradictory 
terms.  Any  /(»»i6er  whatever  cannot  l)e  infinite.  On  the 
contraiA.  we  can  easily  imagine  to  our.selves  another  star 


placed  here  or  there,  or  two  stars,  or  ten,  or  a  hundred- 
But  the  infinite  is  that  to  which  nothing  can  be  added. 

But  it  is  of  consequence  that  we  should  not  confound 
the  stars  with  space.  Space  cannot  be  otherwise  than 
infinite.  It  is  boundless,  illimitable.  If  we  imagine  any 
confine  to  it  whatever,  immediately  we  pass  in  thought 
beyond  it.  Doubtless  we  could  criticise  even  the  definition 
of  space  Some  (philosophers,  and  those  by  no  means 
minor  ones,  have  defined  space  as  that  which  separates 
two  bodies  in  such  a  manner  that  without  matter  there 
would  be  no  s|mce.  On  the  other  hand,  theologians 
refuse  to  admit  the  infinity  of  space,  so  as  not  to  give  to  it 
an  attribute  of  God.  They  maintain  that  space  is  finite, 
and  assert  that  beyond  its  limits  there  is  nothing.  I 
venture  to  think  that  here  there  is  a  mere  sophism.  If 
matter  did  not  exist  there  would  still  be  space,  that  is  to 
say,  a  place*  in  which  we  might  imagine  matter  to  exist. 

One  of  the  most  curious  arguments  which  Dr.  Wallace 
urges  against  the  "  infinite  number  "  of  the  stars  is,  that 
if  it  were  so,  there  would  be  stars  everywhere  over  the 
entire  sky,  without  any  empty  space,  and  since  that  every 
star  is  a  sun,  all  these  contiguous  points  of  light  should 
form  a  dazzling  sphere,  whose  brightness  should  equal 
that  of  the  s\in.  This  objection  to  the  infinitude  of  the 
stars  was  the  subject  of  long  and  learned  discussions 
during  the  course  of  the  18th  century  and  up  to  the  middle 
of  the  lf>th.     It  would  not  be  difficult  to  settle  it  to-day. 

In  the  first  place  there  is  nothing  to  prove  that  the 
light  of  the  stars  does  not  suffer  a  diminution  greater 
than  the  square  of  the  distance,  owing  to  the  imperfect 
transparency  of  the  cosmical  medium.  Space  is  not 
empty.  Why  may  not  the  ether  exercise  any  absorption 
on  the  luminous  rays  ? 

In  the  second  place,  why  think  only  of  the  bright  stars, 
of  the  incandescent  suns  ?  And  the  dead  suns  ?  May  not 
as  many  or  more  dark  stars  exist  as  bright  ones  ?  Might 
not  the  milliards  of  dark  stars  interpose  between  us  and 
the  most  distant  luminous  ones  ? 

In  the  third  place  there  is  nebulous  matter.  Space  is 
full  of  it;  photography  has  discovered  it  evennvhere. 
Why  should  nebulous  matter  be  necessarily  luminous  ? 
Originally  it  may  have  been  obscure. 

In  the  fourth  place  we  may  not  neglect  the  cosmical 
dust  to  which  we  owe  the  Zodiacal  Light  (a  reflection  of  the 
solar  light),  the  shooting  stars,  which  the  earth  encounters 
by  hundreds  of  milliards  in  a  year,  as  well  as  other  inter- 
stellar phenomena  to  which  it  gives  rise. 

The  agglomeration  of  stars  of  which  our  sun  foi-ms  one 
is  not  infinite,  it  is  limited  ;  it  is  very  heterogeneous,  as 
we  see  it,  coiuj)osed  of  thousands  of  clusters  of  stars  of 
diverse  densities,  and  scattered  at  diverse  distances.  The 
immensity  which  encompasses  it  is  relatively  void,  and 
our  sidereal  universe  is  composed  of  but  a  determinable 
number  of  stars. 

It  is  this  stellar  agglomeration  which  Dr.  Wallace  con- 
siders as  representing  the  entire  luiiverse,  a  position  which 
has  not  V>ecu  proved.  Moreover,  in  this  agglomeration  he 
considers  the  sun  as  being  central  and  prepondei-ant.  Let 
us  see  if  it  is  so. 

We  are  within  the  Milky  Way,  since  this  encloses  us 
miller  the  form  of  a  great  circle,  l>ut  we  are  neither  exactly 
in  its  medial  plane,  uor  exactly  at  its  centre.  Moreover, 
the  Milky  Way  is  not  a  uniform  and  organised  sidereal 

•  Some  object  that  this  is  tautological.  Not  so.  But  we  make 
use  of  words  for  speaking  and  writinq.  Our  conception  of  space  is 
bound  up  closely  witU  our  sense  of  touch,  our  muscular  sense.  Our 
ideas  are  derived  from  our  impressions  undoubtedly.  But  we  must 
not  confuse  the  relative  with  the  absolute  unknowable  to  us  in  its 
e.-^scnce.  Tlie  exterior  world  is  not  conditioned  by  our  sense  of  it. 
Without  us  the  Sum,  Sirius,  and  space  would  exiet. 
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system  of  wliich  our  sun  is  a  preponderating  star.  Tb 
Milky  Way  is  made  u]j  of  an  agglomeration  of  clusters  of 
stars  dis]>osed  pretty  nearly  in  the  same  fairly  wide  plane. 
The  telescope  has  disclosed  a  great  number  of  clusters 
of  stars  and  of  nebulte — about  six  tht)Usaud.  But  if  we 
place  on  a  chart,  representing  the  two  celestial  hemispheres, 
these  clusters  and  uebuliB,  a  fact  is  made  clear  worthy  of 
the  greatest  attention.  It  is  that  most  of  the  clusters  are 
gathered  into  the  plane  of  the  Milky  Way,  and  that  most 
of  the  gaseous  nebulas  are  collected,  on  the  contrary,  away 
from  this  plane,  and  near  the  poles  of  the  Milky  Way. 

This  has  a  significance  of  great  importance  to  our 
knowledge  of  the  structure  of  the  sidereal  universe. 

On  the  other  hand,  if  we  examine  the  law  of  distribu- 
tion of  stars  in  the  sky,  we  ascertain  that  their  numbers 
gradually  increase — for  all  magnitudes — in  proportion  as 
we  approach  the  Galaxy. 

But  it  is  of  consequence  to  note  that  neither  for  stars 
nor  for  stellar  clusters  is  this  condensation  uniform.  It  is 
not,  for  example,  by  zones  parallel  to  the  Milkj'  Way  that 
we  must  proceed,  for  that  method  is  insufficient,  but  by 
the  direct  examination  of  the  sky.  If  we  trace  isophotic 
charts  giving  the  sidereal  density  as  is  done  on  hypso- 
metrical  charts  for  contour  relief,  these  differences  are 
made  evident. 

On  a  clear  summei-  niglit,  our  eyes,  trained  astro- 
nomically, can  observe  in  this  vast  celestial  girdle  of  the 
Galaxy  very  different  stellar  densities,  and  we  gain  the 
impression  that  far  from  being  a  regular  system,  coui- 
jiai'able  to  the  solar  system,  for  instance,  the  Milky 
Way  is  a  perspective  image  formed  by  the  superposition 
of  an  innumerable  multitude  of  stellar  clouds,  scattered 
over  immense  distances  in  one  chief  plane.  We  see  it 
divided  into  two  unequal  branches  in  Cygnus  and  the 
Scorpion,  and  rent  here  and  there  into  numberless  stars. 
Our  sun  is  no  moi-e  at  the  centre  than  his  neighbour 
Alpha  Centauri  (which  lies  about  forty-one  trillions  of 
kilometres  from  us)  or  than  our  other  neighbour  61  Cygni 
(about  sixty-nine  trillions  distant) — both  right  in  the 
plane  of  the  Milky  Way — or  than  the  majority  of  the  stars 
whose  parallaxes  have  been  measured.  These  stars  are 
distant  fi'om  us  several  light-years,  whilst  the  limits  of 
the  Galaxy  are  situated  at  thousands  of  light-years. 

Not  only  does  our  sun  not  mark  the  centre  of  our 
universe  more  than  our  neighbours  in  space  do,  but  it 
has  no  greater  weight  than  they.  Alpha  Centauri  is  a 
splendid  binary  system  and  its  mass  is  more  than  twice 
the  sun's.  We  do  not  know  what  planets  may  cii-culate 
round  one  or  other  of  these  two  stars,  whose  mutual 
revolution  is  nearly  a  century.  It  is  not  surprising  that 
we  cannot  see  them,  since  if  our  sun  were  at  their  distance 
Jupiter  would  be  a  star  of  the  24th  magnitude,  separated 
by  4"  from  the  sun,  which  would  itself  be  of  but  the 
second  rank.  Seen  from  the  distance  of  stars  of  the  1st 
magnitude,  themselves  very  diverse,  our  sun  would  appear 
but  of  the  third,  fourth,  fifth  or  sixth  rank,  and  might  be 
even  invisible  from  Kigel  or  Canopus,  which  have  no 
measurable  parallax.  The  mass  of  Sirius  is  equal  to  that 
of  four  suns.  Vega  is  seventy  times  as  bright,  and 
Canopus  sui-passes  the  sun  in  brightness  by  more  than  ten 
thousand  times.  Dr.  Wallace's  theory  might  be  excusable 
for  an  inhabitant  of  the  systems  of  Sirius  or  Capella  or 
Antares,  but  not  for  a  dweller  in  our  own  modest  hamlet. 
If  there  were  a  central  sun,  and  if  that  central  sun  were 
ours,  the  illusion  might  be  granted.  But  there  is  nothing 
of  the  kind.  The  solar  system  is  a  monarchy  with  the 
sun  for  autocrat  Our  sidereal  universe  is  a  republic,  a 
federation  without  a  dominating  authority. 

According  to  the  calculation  of  Lord  Kelvin,  the  amount 
of  the   proper  motions   of   the   stars   indicates  that  the 


number  of  the  suns  of  our  sidereal  universe  does  not  seem 
to  exceed  one  thousand  millions.  The  force  of  gravitation 
of  these  suns,  taken  in  the  mean  to  be  similar  to  our  own, 
woiild  produce  the  velocities  observed  of  twenty  to  one 
hundred  kilometres  per  second.  A  number  ten  times 
greater  could  only  have  been  deduced  if  those  movements 
were  much  more  rapid.  Granted  this  milliard  of  stars,  it 
in  no  wise  proves  that  it  alone  exists  in  the  infinite,  and 
that  beyond  an  immense  void  there  may  not  be  a  second 
milliard,  nor  a  third,  nor  a  fourth,  nor  more.  Whatever 
may  be  its  extension,  our  Milky  Way  is  but  a  point  in  the 
infinite. 

It  would  even  now  a])]jear  that  we  know  of  stars  which 
do  not  belong  to  our  sidereal  system.  We  might  cite  with 
Newcomb,  the  star  1880,  Groombridge,  the  swiftest  of  those 
whose  motion  has  been  detennined,  its  speed  exceeding 
300,000  metres  per  second.  The  attractive  force  of  the 
milliard  of  stars  of  which  we  have  just  spoken  would  not 
api:)ear  sufficient  (except  under  special  circumstances)  to 
produce  such  a  velocity,  and  many  astronomers  think  that 
this  star  has  come  from  the  beyond,  and  traverses  our 
universe  like  a  projectile.  This  star  is  not  the  only  one 
in  such  a  case. 

On  the  other  hand,  certain  globular  clusters  do  not  seem 
to  form  a  part  of  our  agglomeration. 

This  agglomeration  represents  a  universe.  It  approxi- 
mates, in  spite  of  its  heterogeneity,  to  the  general  form  of 
a  flattened  spheroid,  of  which  the  Milky  Way  marks  the 
equator.  Facts  seem  to  indicate  that  the  forces  which 
influenced  its  evolution  exercised  their  greatest  intensity 
and  activity  in  its  equatorial  zone  rather  than  at  the 
circvimpolar  regions,  which  have  remained  backward,  less 
dense  in  actual  stars  or  in  those  in  the  making,  colder, 
and,  so  to  speak,  benumbed.  Everything  is  more  advanced 
in  the  equatorial  region  than  at  the  poles.  Our  sun  itself 
appears  to  be  in  its  summer.  There  red  stars  are  crowded, 
and  there  also  are  temporary  resurrections. 

On  the  whole,  then,  the  astronomical  theory  of  the  dis- 
tinguished naturalist  has  not  been  established,  and,  in  fact, 
is  quite  inadmissible.  It  would  be  superfluous,  therefore, 
to  occupy  ourselves  with  its  biological  consequences  rela- 
tive to  oui'  planet,  the  assumed  object  of  the  creation.  In 
our  solar  system,  this  little  earth  has  not  obtained  any 
special  privileges  from  Nature,  and  it  is  strange  to  wish  to 
confine  life  within  the  circle  of  terrestrial  chemistry.  Nor 
is  it  less  so  to  see  a  naturalist  (whose  theories  of  evolution 
demand  the  action  of  time  as  the  principal  factor  in  the 
succession  of  species)  forgetting  that  the  epoch  in  which 
we  now  happen  to  be  has  no  special  importance  ;  that  the 
different  worlds  of  our  solar  family  are  at  diflierent  stages 
of  their  evolution  ;  and  that,  for  instance,  if  the  Moon  is  a 
waif  of  the  past,  Jupiter,  on  the  contrary,  is  a  world  of  the 
future.  The  effect  of  the  hypothesis  of  Dr.  Wallace  is  to 
narrow  our  horizon,  and  to  take  us  back  again  to  the  time 
of  Ptolemy,  into  the  prison  of  a  useless  firmament.  The 
greatness  of  modern  astronomy,  on  the  contrary,  is  to 
burst  all  barriers,  for  our  science  is  but  a  shadow  in  the 
face  of  the  reality.  Infinity  encompasses  us  on  all  sides, 
life  asserts  itself,  universal  and  eternal,  our  existence  is 
but  a  fleeting  moment,  the  vibration  of  an  atom  in  a  ray 
of  the  sun,  and  our  planet  is  but  an  island  floating  in  the 
celestial  archipelago,  to  which  no  thought  will  ever  place 
any  bounds.  Never  lose  sight  of  the  fact  that  space  is 
infinite,  that  there  is  in  the  void  neither  height,  nor  depth, 
nor  right  nor  left ;  and  in  time  neither  beginning  nor  end. 
We  must  understand  that  our  conceptions  are  relative  to 
our  imperfect  and  transitory  impressions,  and  that  the 
only  reality  is  the  Absolute. 

What  right  have  we  then  to  suppose  that  the  limits  of 
our  knowledge   are   the  limits  of  the  power  of  Nature? 
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Every  day  we  have  proofs  to  the  contrary.  If  we  examine 
into  the  conditions  of  life,  it  would  not  be  difficult  to  con- 
clude that  terrestrial  chemistry  does  not  necessarily  include 
the  universal  vital  circle.  To  limit  the  work  of  Nature  to 
the  sphere  of  our  knowledge  is  to  reason  with  singular 
childishness.  Of  old,  our  fathers  ('oniudered  the  four 
elements  "  earth,  air,  fire,  water  "  as  the  principles  of  all, 
and  saw  in  them  the  conditions  of  life.  How  many  solemn 
dissertations  have  been  written  on  this  subject?  To-day 
we  affirm  the  necessity  of  carbon  for  the  constitution  of 
living  organisms.  But  no  one  knows  what  carbon  is. 
Our  successors  will,  no  doubt,  smile  at  our  assertions,  and, 
doubtless,  the  iuhaliitants  of  the  systems  of  Eigel,  and  of 
Denel) — stars  characterised  l)y  the  rays  of  titanium  and 
silicon — would  understand  nothing  of  the  necessity  for 
carbon. 

The  careful  study  of  our  planet  shows  tliat  the  forces  of 
Nature  have  Life  as  their  supreme  end. 

Yes,  life  is  universal,  and  eternal,  for  time  is  one  of  its 
factors.  Yesterday  the  moon,  to-day  the  earth,  to-morrow 
Jupiter.  In  space  there  are  both  cradles  and  tombs.  The 
red  carbon  stars  will  soon  be  dead ;  the  hydrogen  stars 
like  Vega  and  Sirius  are  the  stars  of  the  future  ;  Procyon, 
Capella,  Arcturus,  are  the  stars  of  the  present.  Aldebaran 
seems  to  be  already  an  autumn  f  i-uit  Let  us  open  the  eyes 
of  our  understanding,  and  let  us  look  beyond  ourselves 
in  the  infinite  expanse  at  life  and  intelligence  in  all  its 
degrees  in  endless  evolution. 


THE    PAL^EONTOLOGICAL    CASE    FOR 
EVOLUTION. 

By  R.  Lydekker. 

(Continued  from  patje  102.J 
Dismissing  thus  briefly  a  very  interesting  portion  of  our 
subject,  we  proceed  to  bring  to  the  reader's  notice  some  of 
the  most  important  lines  of  mammalian  descent  which 
have  been  worked  out  on  palaeontological  evidence.  The 
most  famous  and  most  ividely  known  of  these  is  the  horse 
series,  which  has  been  so  frequently  described  in  full 
detail  that  a  very  short  notice  will  suffice  here.  Starting 
with  the  little  hyracothere  of  the  TiOndon  Clay — a  short- 
limbed  and  short-necked  ungulate  of  the  approximate  size 
of  a  fox,  with  short-crowned  cheek-teeth,  the  socket  of  the 
eye  completely  open,  the  lx)nes  of  the  lower  jiart  of  the  leg 
(radius  and  uhia  in  front,  and  tibia  and  fibula  behind) 
separate,  and  four  front  and  three  hind  toes — an  almost 
complete  passage  can  be  traced  through  the  extinct  three- 
toed  horse-like  ungulates  of  the  middle  and  upper  portions 
of  the  Tertiary  period  to  the  single-toed  horses,  asses,  and 
zebras  of  the  present  day.  The  moditit-ations  include  a 
great  increase  in  bodily  si/.(>,  the  lengthening  of  the  crowns 
of  the  cheek-teeth  coupled  with  a  marked  increase  in  the 
complexity  of  their  structure,  tiie  cuch)sure  of  the  socket 
of  the  eve  by  a  bony  ring,  the  degeneration  of  the  ulna 
and  fibula  and  the  fusion  of  their  upjier  porticms  with  the 
radius  and  tibia  respectively,  the  early  loss  of  the  fourth 
front  toe,  and  the  gradual  reduction  in  the  size  and  length 
of  the  lateral  toes  of  the  tri<lactyle  members  of  the  series, 
till  tliev  are  represented  in  the  modern  horses  only  by  the 
so-(n!le<l  splint-bones  attached  to  the  sides  of  the  upper 
hall'  nf  the  cannon-bone  of  the  greatly  enlarged  middle 
digit.  The  five-toed  ancestor  of  the  little  hyracothere 
is  not  yet  definitely  known,  but  it  was  proliably 
not  far  reniovod  from  the  pheiiacodus  of  the  lower 
Eocene.  The  similarity  between  the  form  of  the  skull  of 
the  little  hyracothere  and  that  of  the  luoch'rn  horse  is  most 
reiiiiirkable,  and  is  well  shown  in  a  series  of  models  recently 
addiMl  to  the  cidlection  in  the  Natural    History   Museum. 


So  far  as  human  eye  can  see.  the  horse  has  iiractically 
reached  the  supreme  stage  of  evolution,  so  far  as  its 
skeleton  is  couceined,  of  which  its  organisation  is  capalde  ; 
the  only  improvement  that  suggests  itself  being  the  total 
abolition  of  the  useless  splint-bones,  which  are  apt  to  Ije  a 
cause  of  disease.  Not  the  least  curious  feature  in  this 
remarkable  series  is  its  repetition  in  the  North  American 
strata ;  a  repetition  which  has  given  rise  to  the  suggestion 
that  the  modern  horses  have  had  a  dual  origin,  one  branch 
developing  in  the  Old  World  and  a  second  in  the  New. 
On  the  whole,  however,  it  seems  more  probable  that  the 
line  of  development,  which  took  place  when  the  Eastern 
and  Western  hemispheres  were  much  more  closely  con- 
nected by  way  of  Beiing  Strait  than  at  present,  was  single. 
It  may  "be  added  that  the  ancestral  horses,  such  as  the 
hyracothere,  were  closely  allied  to  the  lophiodons  and 
palajotheres  of  the  Tertiaiy,  which  in  their  turn  lead  on 
towards  the  tapirs  and  rhinoceros,  so  that  all  the  earlier 
odd-toed  ungulates  were  more  or  less  nearly  related. 

A  most  remarkable  instance  of  a  line  of  development 
parallel  to  that  of  the  horse  series  is  presented  by  certain 
South  American  Tertiary  ungulates  telonging  to  an  extinct 
subordinal  group  allie<l  to  the  perissodactyles  or  existing 
odd-toed  foi-ms.  In  the  most  generalised  representative 
(Theosodun.)  of  the  group  in  question  the  feet  were  three- 
toed,  with  the  lateral  digits  functional  and  of  about  the 
same  relative  size  as  in  the  modern  tapirs.  In  the  next 
form,  Pfoienifheruim,  the  lateral  toes  have  become  much 
smaller  and  shorter  in  proportion  to  the  large  central  one, 
and  no  longer  touched  the  ground  in  walking.  Finally,  in 
Thoatherium,  according  to  the  Argentine  palaeontologists, 
only  the  single  median  digit  remains  in  each  foot ;  even 
the"  splint-bones  having  disappeared  in  the  hind-limb, 
although  minute  vestiges  of  their  upper  extremities  persist 
in  the  fore-foot.  If  the  restoration  be  correct,  Thoatherium 
was  thei-ef  ore  an  even  more  specialised  animal  in  regard  to 
foot-structure  than  the  modem  horses.  The  two  lines  of 
evolution  presented  respectively  by  the  horses  and  the 
proterotheres  form,  perhaps,  the  most  remarkable  instance 
of  parallel  development  with  which  we  are  yet  acquainted. 
A  somewhat  curious,  and  at  present  inexplicable,  difEerenc<; 
in  regard  to  the  development  of  the  terminal  joints  of  the 
toes  is,  however,  noticeable  in  the  two  series.  In  the 
earlier  members  of  the  horse  series  this  segment  is  com- 
paratively narrow  and  displays  a  median  cleft,  but  in  the 
later  forins  the  bone  widens  and  the  cleft  disappears. 
Precisely  the  reverse  of  this  occurs  in  the  proterothere 
series,  the  terminal  bone  of  each  digit  teing  broad  and 
entire  in  the  earliest  form,  and  narrow  and  cleft  in  the 
latest. 

The  proterotheres  are,  however,  by  no  means  the  only 
extinct  South  American  ungulates  d'isplaying  evidence  of 
progressive  development.  In  some  of  the  latest  Tertiary 
deposits  of  the  country— in-obably  belonging  to  the 
human  period— Darwin  discovered  certain  more  or  less 
fragmentary  remains  of  an  ungulate  with  the  general 
proportions"  and  size  of  the  modern  camels.  Subsequent 
discoveries  showed  that  the  macniuchenia,  as  it  is  called, 
presents  the  unique  pecidiarity  that  the  nasal  chamber 
opens  in  the  centre  of  the  forehead,  instead  of  at  the 
extremity  of  skull.  Allied  but  mucli  smaller  animals 
from  the  earlier  Tertiary  strata  of  Patagonia  exhibit  a 
gradual  transition  from  the  macrauchenia  in  regard  to  the 
position  of  tlu'  external  aperture  of  the  nose-cavity  towards 
the  normal  mammalian  type.  And  since  they  likewise  show 
a  transition  in  respect  of  dental  characters,  which  are  very 
aberrant  in  macrauchenia,  that  extraordiijary  creature  is 
brought  into  line  with  less  aberrant  members  of  the 
unguhite  order. 

In  the  tapirs  ami   rhinoceroses   syiecialisation  has  not 
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been  carried  to  anything  like  the  same  degree  as  in  the 
horse  tribe  ;  and  has  been  to  a  great  extent  restricted  to 
an  increasing  complexity  in  the  stiiicture  of  the  cheek- 
teeth, coupli'd,  in  the  second  of  the  two  gronps,  with  a 
reduction  in  the  number  of  tlie  anterior  teeth  and  the 
development  of  one  or  two  horns  in  the  middle  line  of  the 
skull.  Nevertheless,  in  both  groups  American  palseonto- 
logists  have  been  able  to  trace  a  more  or  less  complete  line 
of  descent.  The  tapirs,  for  instance,  appear  to  have 
originated  from  a  small  Eocene  ungulate  known  as 
systemodon,  which  comes  so  close  to  the  early  ancestors 
of  the  horse,  that  it  was  at  one  time  included  in  the  same 
series.  Modern  rhinoceroses,  in  whieli,  as  we  have  said, 
the  number  of  front-teeth  is  more  or  less  reduced,  can 
likewise  be  traced  back  to  early  Tertiary  ancestors  without 
horns,  but  with  a  full  series  of  teeth. 

Among  the  even-toed  imgulates,  or  those  in  which  the 
toes  ai-e  symmetrically  arranged  on  each  side  of  a  line 
running  between  the  third  and  fourth  of  the  typical  series 
of  five,  one  of  the  most  complete  lines  of  descent  has  been 
traced  out  in  the  camel  tribe,  now  represented  only  by 
the  tme  camels  of  the  Old  World,  and  the  llamas  of 
South  America.  The  evolution  of  this  group  seems  to  have 
taken  place  in  North  America  in  the  middle  Tertiary  period, 
in  the  strata  of  which  we  meet  with  an  ancestral  form  in 
poebrotherium — an  animal  of  the  size  and  proportions  of 
a  small  gazelle,  but  with  all  the  essential  characteristics  of 
a  camel,  although  with  a  fuller  series  of  teeth,  and  feet  in 
which  the  main  bones  are  not  fvised  into  a  "cannon-bone  " 
and  traces  of  the  lateral  digits  still  remain.  Earlier 
members  of  the  group  show  still  more  primitive  characters, 
and  it  is  probable,  although  not  quite  certain,  that  these 
in  their  turn  pass  into  yet  more  generalised  animals,  with 
four  complete  toes  to  the  feet,  and  cheek-teeth  in  which  the 
crowns  are  surmounted  by  simple  low  cusps  instead  of 
forming  the  tall  crescents  found  in  camels  and  llamas. 

Precisely  similar  differences,  both  as  regards  foot- 
structure  and  tooth-structure,  distinguish  the  true  rumi- 
nants (deer,  antelopes,  etc.)  from  the  jjig-like  animals. 
And  yet  a  complete  gradation  from  the  former  to  the 
ancestors  of  the  latter  can  be  found,  although  it  would 
perhaps  be  difficult  to  construct  the  actual  pedigree.  In 
like  manner  from  the  tallest  and  largest-antlered  members 
of  the  deer  tribe  a  gradual  passage  can  be  traced  to  the 
small  and  hornless  dremotherium  of  the  middle  Tertiary, 
from  which  it  is  but  a  step  to  the  still  smaller  and  more 
primitive  gelocus  -  not  improbably  the  common  ancestor 
of  both  deer  and  ehevrotains.  Giraffes,  again,  partly  with 
the  assistance  of  that  marvellous  creature  the  okapi,  are 
now  known  to  be  connected  with  ruminants  of  a  much 
more  ordinary  type. 

Till  quite  recently  the  elephants  and  mastodons,  forming, 
with  the  imperfectly  known  dinothere,  the  proboseidea  of 
zoologists,  constituted  an  altogether  isolated  group  whose 
relationship  with  other  ungulates  was  quite  obscure.  The 
wonderful  discoveries  of  Messrs.  Andrews  and  Beadnell  in 
the  lower  Tertiary  deposits  of  the  Egyptian  desert  have, 
however,  brought  to  light  the  remains  of  two  remarkable 
animals  which,  as  regards  both  bodily  size  and  the  structure, 
number  and  mode  of  succession  of  their  teeth,  serve  to 
connect  the  modern  proboscide.ans  very  closely  indeed 
with  the  more  generalised  extinct  ungulates.  Nor  is  this 
by  any  means  all,  for  there  appear  to  be  indications  of 
affinity  between  these  primitive  Egyptian  proboscideans 
and  the  ancestors  of  the  modern  sea-cows  (dugongs  and 
manatis).  This  is,  however,  a  subject  on  which  little  can 
be  said  at  present,  for  the  evidence  is  not  yet  published, 
and  the  writer  is  consequently  not  at  liberty  to  mention 
even  such  facts  as  he  knows.  When  fuller  investigations 
have  been  made  into  African  palaeontology  it  is  probable 


that  not  only  will  the  puzzle  of  the  origin  of  the  pro- 
boseidea be  completely  solved,  but  their  ancestral  relation 
to  the  sea-cows  will  likewise  become  an  established  fact. 

Reverting  once  more  to  the  carnivora,  it  will  Ix;  remem- 
bered that  the  ancestral  types  of  the  modern  forms  are  to 
be  found  in  the  extinct  creodonts  ;  and  it  is  probable  that 
from  the  latter  a  direct  line  of  descent  can  be  traced 
through  various  extinct  forms  to  the  civets  and  mongooses 
of  the  jircsfut  day.  Till  the  above-mentioned  discovery  of 
mammalian  remains  in  the  French  phosphorites  no  carni- 
vora were  considered  more  widely  sundered  than  the  civets 
and  mongooses  on  the  one  hand  and  the  weasels  and  their 
allies  on  the  other ;  the  structure  of  the  hinder  part  of 
the  base  of  the  skull  being .  very  different  in  the  two. 
Now,  however,  we  are  acquainted  with  quite  a  number  of 
small  mamm;ils  from  the  phosphorites  which  completelv 
liridge  thegap  ijetween  the  grouj)s  in  question.  Since  the  base 
of  tlie  skull  has  the  same  general  structure  in  both,  the  bears 
were  long  regarded  as  near  relatives  of  the  weasel  trilje,  so 
that  both  were  classified  in  a  single  group,  to  the  exclusion 
of  civets  and  dogs.  Palfeontology  has,  however,  revealed 
the  existence  of  an  absolutely  complete  transition,  both  as 
regards  dental  and  foot  characters,  from  dogs  to  bears. 
Consequently,  not  only  are  we  compelled  to  regard  the 
latter  as  the  descendants  of  primitive  dog-Uke  animals,  but 
the  similarity  of  their  skulls  to  those  of  the  weasel  tribe 
must  be  looked  upon  as  an  instance  of  parallelism  in 
development  and  not  as  an  indication  of  genetic  affinity. 

Possibly  the  chain  of  relationships  does  not  stop  even 
with  the  affinity  of  bears  to  dogs,  for  the  former  appear 
to  be  intimately  related  to  the  sea-bears  and  sea-lions, 
although,  unfortunately, there  is  no  palaeontological  evidence 
at  present  available  to  ccmfirm  or  disprove  the  presumed 
relationship. 

If  there  be  a  real  connection  between  the  bear-like  land 
carnivores  and  the  sea-bears,  it  is  almost  certain  that  the 
typical  earless  seals  must  have  taken  origin  frtnn  a  totallv 
different  group  of  carnivores.  And  it  has  been  suggested 
that  the  typical  earless  seals  may  be  derived  directly  from 
creodonts  related  to  the  form  described  under  the  name  of 
patriofelis.  Since,  however,  we  cannot  trace  seals  Itirther 
back  than  the  later  portion  of  the  Tertiary  period, 
additional  palaeontological  evidence  must  lie  awaited 
before  anything  definite  can  be  said  with  regard  to  their 
ancestry. 

Neither  is  the  ancestry  of  whales  by  any  means  defiuitelv 
known,  although  there  are  some  indications  of  the  line  of 
descent  of  the  group  represented  by  the  sperm  whale  and 
dolphins.  The  late  Sir  W.  H.  Flower  was  indeed  disposed 
to  regard  whales  as  the  descendants  of  early  ht)ofed  mam- 
mals, but  there  was  no  definite  evidence  in  support  of  his 
contention,  and  the  probability  is  that  they  are  related  to 
the  early  carnivores.  In  modern  whales  all  the  teeth  have 
the  same  simple  conical  form,  but  in  the  middle  Tertiaries 
occur  the  shark-toothed  dolphins,  or  squalodons.  in  which 
the  front  teeth  differ  markedly  in  character  from  those  of 
the  cheek  series,  the  latter  being  serrated  and  implanted 
by  double  roots.  Still  more  generalii^ed  is  the  earlier  and 
much  larger  zeuglodon.  in  which  the  cheek-teeth  are  not 
unlike  those  of  certain  seals.  So  far  as  it  goes,  then,  the 
palaeontological  evidence  tends  to  connect  the  modern 
toothed  whales  with  the  carnivora,  and  it  certainlv  traces 
their  descent  from  animals  departing  much  less  widely 
from  the  more  ordinary  mammalian  type.  It  may  be 
added  that  certain  living  porpoises  show  a  few  rows  of 
bony  tubercles  in  the  neighbourhood  of  the  back-fin, 
similar  tubercles  occurring  in  a  more  developed  condition 
in  some  of  their  extinct  relatives.  Now  with  the  remains 
of  zeuglodon  are  frequently  discovered  a  number  of  bony 
plates,  which  there  is  accordingly  strong  reason  to  believe 
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belonged  to  that  animal.  If  that  be  the  case,  the  ancient 
cetaceans  were  mail-clad  animals,  and  on  that  supposition 
the  bonv  tubercles  of  the  aforesaid  porpoises  must  be  the 
remnants  of  such  a  coat  of  mail.  A  wonderful  instance 
of  inheritance,  if  only  it  be  true. 

Very  isolated  among  living  mammals  are  the  anteaters, 
sloths,  and  armadillos  of  Central  and  South  America, 
collectively  constituting  the  typical  representatives  of 
the  order  Edentata  ;  and  until  quite  recently  palaeontology 
gave  no  clue  as  to  their  ancestry.  All  the  living  members 
of  the  group  are  characterised  by  the  absence  of  front 
teeth  (the  anteaters,  in  correlation  with  the  nature  of 
their  food,  being  alone  absolutely  toothless)  ;  and  their 
cheek-teeth  are  of  simple  structure,  alike  in  form,  and 
devoid  of  the  hard  enamel  coating  of  less  aberrant 
mammals.  The  Tertiary  deposits  of  Patagonia  have, 
indeed,  yielded  the  remains  of  an  armadillo  furnished  with 
a  full  series  of  enamel-coated  teeth  ;  but  this,  although  a 
step  in  the  right  direction,  does  not  go  far  in  affiliating 
the  group  to  other  mammals.  In  the  lower  Tertiaries  of 
North  America  there  have,  however,  been  discovered  the 
remains  of  a  group  of  extinct  mammals  — the  so-called 
ganodonts — which  there  is  every  reason  to  believe  were  the 
ancestors  of  the  modern  edentates.  These  ganodonts  have 
in  some  instances  a  full  series  of  differentiated  and  enamel- 
clad  teeth,  and  their  skulls  and  limb- bones  show  a  remark- 
able resemblance  to  those  extinct  South  American  edentates 
known  as  ground-sloths.  Moreover,  many  of  the  later 
forms  display  a  tendency  to  a  reduction  in  the  number  of 
the  front  teeth,  and  to  a  partial  or  complete  loss  of  the 
enamel  of  those  of  the  cheek  series.  On  the  other  hand , 
the  earlier  members  of  the  group  show  evident  signs  of 
affinity  to  the  contemporary  creodonts  and  ancestral 
ungulates.  In  regard  to  their  resemblances  to  the  typical 
edentates.  Dr.  VVortman*  writes  as  follows:  "If  this 
astonishing  array  of  similarities  is  accidental,  and  does 
not  indicate  genetic  affinity,  then  all  that  can  l)e  said  is 
that  paliEontological  evidence  is  worthless  in  the  deter- 
mination of  the  various  successive  steps  in  the  descent  of 
a  group  or  species.  I  hold  that,  in  view  of  all  the  evidence 
above  set  forth,  the  preposition  that  the  one  has  descended 
from  the  other  may  now  be  regarded  as  a  positively 
demonstrated  fact." 

As  isolated  at  the  present  day  as  the  edentates  are  the 
rodents,  or  gnawing  mammals,  as  exemplified  by  the  rat, 
the  porcupine,  the  hare,  i*cc.  In  all  these  animals  the 
single  large  pair  of  chisel-like  incisor-teeth  in  the  front  of 
each  jaw  grow  throughout  life,  and  thus  never  develop 
roots  ;  while  they  are  separated  by  a  long  gap  (uuintei-- 
riipted  by  a  tusk,  or  canine)  from  the  teeth  of  the  cheek 
scries,  which  never  exceed  lour  pairs  in  each  jaw,  and  -.iw. 
all  alike.  A  further  peculiarity  of  the  groiqi  is  the  b;u'k- 
ward  and  forward  movement  of  the  lower  jaw  (luring 
naastication,  as  may  be  seen  by  watching  a  tame  rabbit 
feed.  Till  recently  nothing  definite  has  been  known  with 
regard  to  the  ancestry  of  the  grouji  ;  but  a  short  time  ago 
Pi-ol'cssor  Osliorn  poiiited  out  that  mixodeetes  and  certain 
other  small  mamiiialian  types  from  tiie  lower  Eocene  strata 
of  North  America  presented  just  such  characters  as  might 
naturally  be  looked  for  among  ancestral  rodents ;  and  he 
proposed  to  regard  them  as  forming  a  ]iriiiiitive  section  of 
that  group  uiidi'r  the  name  of  Proglin's.  Tiioy  dillVr  from 
modern  rodents  l)y  ].K)ssessiiig  a  full  series  of  rooted  incisor 
and  canine  teeth,  not  sejiarated  by  a  well-marked  gap 
from  the  cheek  series,  and  the  absence  of  a  backwards  and 
forwards  mot  ion  of  the  lower  jaw. 

An  ajiproxuiiation  to  the  modern  rodent  type  is,  how- 
ever,  exhibited  among    certain    members    of    this  extinct 


•  Bull.  Amer.  Muteum,  Vol.  IX.,  p.  104  (1897). 


group  by  the  tendency  to  the  enlargement  of  the  second 
jjair  of  incisors  in  each  jaw  (corresponding  to  the  single 
large  pair  of  modern  rodents),  accompanied  by  the  de- 
generation of  the  other  two  pairs  of  those  teeth  and  the 
canines.  And  from  these  and  other  structural  features 
there  seems  considerable  probability  that  the  position 
assigned  to  the  group  by  Professor  Oslwrn  indicates  their 
real  affinities.  If  so,  the  modern  rodents  are  closely 
connected  with  less  aberrant  mammals. 

Finally,  we  came  to  the  Primates,  which  includes  two 
well-defined  and  sharply  distinguished  groups,  one  con- 
taining man,  apes,  and  monkeys,  and  the  other  the  much 
less  highly  organized  ci'eatures  commonly  known  as  lemurs 
or  lemuroids.  Widely  sundered  as  are  these  two  sub- 
groups at  the  present  day,  there  existed  in  Madagascar, 
even  so  late  as  the  human  period,  a  creature  which, 
although  evidently  a  lemur,  exhilnts  certain  monkey- 
characters.  When,  however,  we  descend  to  the  basal  strata 
of  the  Tertiary  period — the  Lower  Eocene— we  meet,  both 
in  Europe  and  North  Amei-ica,  with  a  number  of  small 
mammals  which  are  certainly  referable  to  the  Primates,  but 
exhibit  characters  tending  on  the  one  hand  to  connect  that 
group  with  other  primitive  mammals,  and  on  the  other 
hand  apparently  to  show  an  intimate  relationship  between 
the  ancestors  of  the  modern  anthropoids  (man  and 
monkeys)  and  lemuroids.  With  regard  to  these  early 
foreruimers  of  the  highest  of  all  mammals.  Professor 
Osborn  observes  that  three  suppositions  are  possible  : — 
"  First,  that  these  Primates  represent  an  ancient  and 
generalised  group  ancestral  to  botli  Lemuroidea  and 
Anthropoidea  ;  second,  that  they  include  representatives  of 
both  Lemuroidea  and  Anthropoidea,  contemporaneous  and 
intermingled;  third,  that  they  belong  exclusively  to  one  or 
the  other  order."  Whichever  of  these  suppositions  be 
nearest  to  the  truth,  it  is  evident  that  in  Eocene  times  the 
Primates  were  represented  by  a  number  of  exceedingly 
generalised  forms  presenting  much  the  same  relationshij^ 
to  the  modern  specialised  monkeys  and  lemurs  as  the 
primitive  creodonts  bear  to  modern  carnivores  and  the 
condylarthrous  ungulates  to  existing  hoofed  mammals. 
Further,  these  primitive  Primates  were  themselves  not  far 
removed  from  the  ancestral  caruivores  and  ungulates. 

In  conclusion,  as  the  result  of  the  foregoing  extremely 
sketchy  summary,  it  is  quite  clear  that  since  the  publica- 
tion of  the  first  edition  of  the  "  Origin  of  S])ecies " 
palajontological  investigations  and  discoveries  have  shown 
that  most  of  the  main  primary  groiij)s  of  vertebrates  i^m 
the  one  hand  and  of  the  diflorent  orders  and  families  of 
mammals  on  the  other  are  respectively  connected,  as  we 
recede  in  time,  by  such  a  number  of  intermediate  links  an,i 
gradations  that  "the  gaps  are  now  comparatively  few  and 
far  lietweeii.  .\nd  what  is  true  with  regard  to  mammals 
is  likewise  true  to  a  greater  or  lesser  degree  in  the  I'use  of 
reptiles  and  fishes. 

Gaps,  and  in  some  cases  large  ones,  undoubtedly  still 
remain  ;  but  in  no  single  instance  has  any  fact  been 
recorded  with  regard  to  the  past  history  of  vertebrates 
which  militates  in  the  sliglitost  degree  against  the  theory 
of  evolution.  On  the  contmry,  everything  points  to  a 
continuous  and  orderly  succession  of  forms  of  life 
graduallv  progressing  from  the  primitive  and  generalised 
to  the  modern  and  specialised  types. 

The  only  rational  explanation  of  such  a  regularly 
progressive  series  —  especially  when  the  exist<?nce  of 
vestigial  structures,  like  the  splint-Kmes  of  the  horse,  in 
certain  forms  is  taken  into  consideration  -  that  present.s 
itself  to  the  unprejudiced  judgment  is  evolution,  and  we 
venture  to  think  that  Dr.  Wortman  is  fully  justified  in 
his  assertion  that  this  may  he  regarded,  from  the  palseon- 
tological    asjiect    alom-,   as    a   fully    demonstrated    fact. 
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Whether,  however,  evolution  is  the  result  of  "  natura 
selcetiou."  or  any  other  form  of  whxt  I  take  leave  to  caU 
blind  chance,  is  a  totally  different  question,  althovigh  one 
upon  which  I  do  not,  on  the  present  occasion,  intend  to 
enter. 


THE  ROTATIONS  OF  THE  SUN,  JUPITER,  AND 
THE   EARTH,   AND   THEIR    EFFECTS. 

By  Mrs.  Walter  Maundek. 

In  her  latest  and  most  valuable  ■work,  "  Prolilems  in 
Astrophysics,"  Miss  Gierke  says  :  "  The  two  fundamental 
problems  connected  with  the  nature  of  the  sun  are  its 
rotation  and  its  periodicity.  They  may  be  quite  closely 
allied,  and  in  regard  to  both,  'counsels  of  despair'  have 
begun  to  prevail.  The  spot-cycle,  like  '  Cari-ington's  law,' 
is  set  down  as  a  congenital  peculiarity,  and  the  mists  of 
the  past  are  invoked  to  cover  the  perplexities  of  the  present. 
.  .  .  Explanatory  hypotheses  aTail  little,  but  the  sifting 
of  facts  avail  much."  Elsewhere,  when  dealing  with 
the  "  Structure  and  movements  of  sunspots,"  she  wi-ites : 
"  Isolated  observations  are  rarely  of  any  considerable 
value  in  such  complex  matters.  Meaning  accrues  to  them 
just  in  proportion  as  they  can  be  allied  to  others  made  in 
correspondence  with  them,  but  under  modified  conditions. 
'  Correlate  and  compare '  should  be  the  watchword  of 
astrophysicists."  In  the  following  correlation  and  com- 
parison I  do  not  wish  to  suggest  any  explanatory  hypothesis 
whatsoever.  I  merely  place  in  juxtaposition  observations 
of  some  phenomena  that  appear  to  be  directly  or  indirectlv 
allied. 

Again  quoting  from  Miss  Gierke,  "Little  progress 
has  been  made  towards  ascertaining  the  cause  of  solar 
periodicity.  We  are  only  assured  that  it  is  not  im- 
posed from  without,  but  arises  from  within  ;  it  resembles 
a  •  free  '  rather  than  a  '  forced  vibration.'  This  conclusion, 
it  is  true,  tends  to  relegate  the  matter  to  obscurity,  for  the 
interior  of  the  sun  is  a  terra  incognita,  and  seems  likely  to 
remain  so.  His  cyclical  changes  may  belong  to  his  original 
constitution  ;  they  may  date  from  nebular  times,  and  be  as 
inherent  as  the  tone  of  a  bell.  Or  they  may  simply 
characterise  a  stage  of  growth,  and  prove  liable  to  modifi- 
cation and  effacemeut."  If  the  cause  of  the  solar  changes 
is  to  l)e  sought  from  the  influence  of  something  external— 
of  a  planet  or  of  several  planets,  for  instance— then  sooner  or 
later,  the  period,  or  the  intermingled  periods,  must  come 
unravelled.  If  the  primary  cause  lies  within  the  solar 
photosphere,  then  it  may  well  be  that  the  question  is  one 
that  our  earthly  experience  may  never  enable  us  to  answer  ; 
to  even  guess  at  the  true  answer.  Or  the  hidden  pro- 
cesses may  be  modified  by  external  influences,  so  that  we 
may  be  able  to  measure  the  method  and  extent  of  these 
influences,  and  obtain  an  imperfect  solution  of  the 
problem 

In  sheer  ignorance  we  are  obliged  to  postulate  con- 
duction and  convection  as  the  means  of  conveyiog  heat 
from  the  interior  of  the  sun  to  his  photosphere  for  radia- 
tion. The  processes  of  conduction  proceed  slowly  ;  there- 
fore it  is  assumed  that  the  sim  is  "  a  globe  riddled  with 
convection  currents  of  which  the  shining"  cloud- shell  of  the 
photosphere  constitutes  the  limit."  But  convection  is 
impeded  by  viscosity,  and  this  must  increase  as  the  tem- 
perature and  pressure  together  increase  in  the  lower  depths 
of  the  sun.  There  must  come  a  limit  where  convection 
currents  will  cease  to  flow,  and  we  cannot  agree  with  Miss 
Gierke  that  Dr.  Wilsing  and  Prof.  Sampson  are  wrong  in 
limiting  "  convective  circulation  within  the  solar  glolie  to  a 
relatively  thin  shell  of  material."  In  the  deeper  layers 
there  must  be  some  other  methods  of  transmitting  thennal 


energy.  In  the  "  American  Journal  of  Science  "  for  1902, 
Prof.  Frank  Very  advocated  the  theory  that  under  the 
transcendental  conditions  of  the  suns  interior,  heat  is 
evolved  with  explosive  energy  by  the  destruction  of  matter. 
This  can,  however,  scarcely  be  accepted  as  a  working 
hypothesis  in  a  science  that  takes  as  its  basis  of  argument 
the  conservation  of  energy  and  the  conservation  of  matter. 

The  condition  of  the  sun's  interior  must  prevail  also 
in  Jupiter,  though  in  a  minor  key.  Here  we  have  a 
state  of  things  that  bears  directly  on  the  (juestion  of  the 
solar  surface  markings,  of  their  periodicity,  and  of  their 
connection  with  rotation.  In  January  of  the  present  year. 
Prof.  G.  W.  Hough  published  in  "  Science,"  N.S.,  Vol. 
XVIL,  No.  420,  the  results  of  his  study  of  tlie  planet 
since  1879,  and  on  this  paper  I  base  the  facts  and  figures 
hereafter  given. 

It  must  be  remembered  that  objects  are  very  i-arely  seen 
beyond  40°  of  Jovian  latitude.  The  latitude  of  70^  is  only 
I"  from  the  limb,  and  hence  markings  if  they  exist  in  such 
a  high  latitude  are  practically  invisible  to  us.  Observa- 
tions of  Jupiter's  surface  are  therefore  almost  entirely 
confined  to  the  eighty  degrees  that  enclose  his  equator. 
Within  this  region  the  markings  consist  of  "  white  "' spots, 
"  dark  '  sf)ots,  and  belts,  all  of  which  are  disposed  very 
approximately  along  parallels  of  latitude. 

Many  of  these  markings  have  a  great  degree  of 
permanence.  The  most  famous,  the  Great  Ked  Spot,  has 
been  identified  with  a  great  red  sjjot  observed  by  Hooke 
and  Gassini  in  1664-6 ;  it  was  then  situated  one-third  of 
the  semi-diameter  of  the  planet  south  of  the  equator  in 
about  latitude  19°.  It  appeared  and  vanished  eight  times 
between  the  years  166-5  and  1708,  when  it  was  invisible 
until  the  year  1713.  It  became  conspicuous  in  1878, 
since  when  it  has  been  always  visible,  though  at  times  so 
faint  as  to  be  lost  in  small  telescopes.  This  Jovian  spot 
difliers  from  its  solar  analogues  in  the  degree  of  its 
permanence.  Like  them,  it  is  not  stationary'  in  either 
longitude  or  latitude,  and  a  further  similarity  is  that  its 
proper  motion  in  longitude  is  much  greater  than  its  projier 
motion  in  latitude.  It  has  drifted  in  longitude  about 
three  and  one-fourth  times  ai-ound  the  planet  since  1879 ; 
its  total  displacement  in  latitude  has  been  1"'7,  or  about 
4000  miles.  Its  rotation  period  is  not  unifonuly  regidar. 
From  observations  of  Gledhill  and  Mayer,  in  1869  and 
1870,  its  period  appeai'ed  to  be  9h.  oom.  2.58s. ;  in  1879, 
Prof.  Hough  found  it  9h.  55m.  33-7s. ;  in  1898-9, 
9h.  55m.  41-7s. ;  and  in  1902,  9h.  55m.  397s.  Prof. 
Hough  is  inclined  to  connect  its  visibility  with  its  rotation 
period. 

Prof.  Hough  differs  from  most  other  Jovian  observers 
in  concluding  that  the  rotation  period  of  a  spot  does  not 
depend  on  its  Jovian  latitude.  He  cites  the  instance  of 
two  white  spots  situated  in  latitude  6°  south,  which,  from 
1879  to  1885,  gave  a  rotation  period  of  9h.  50m.,  the 
equatorial  belt  giving  at  the  same  time  a  period  of  9h.  55m. 
The  period  9h.  50m.  is,  indeed,  more  commonly  found 
between  the  limits  —8°  and  -f  11°,  whereas  the  longer 
period  is  distributed  indiscriminately  over  the  surface 
of  the  whole  planet  as  far  as  38  degrees  latitude.  The 
diff'erence  of  rotation  between  two  near- lying  markings  he 
attributes  to  the  dift'ereuce  in  their  levels.  We  thus  seem 
to  find  an  analogy  to  the  different  rotations  given  by 
faculas  and  spots,  but  none  to  "Carrington's  law  of  zones, " 
— the  different  rotations  given  by  spots  in  different 
latitudes. 

Prof.  Hough  concludes  his  paper  by  saying :  "  It  seems 
to  be  the  opinion  of  most  writers  on  Jovian  phenomena 
that  the  planet  is  yet  at  a  high  temperature,  but  not  self- 
luminous.  The  high  temperature  is  favourable  for  the 
explanation  of  some  of  the  phenomena  observed.     .     .     . 
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The  greater  lumiuosity  of  the  centre  of  the  disk  indicates 
absorjJtiou  of  light,  prol  >ably  due  to  au  extensive  atmosphere. 
.  .  .  I  (Prof.  Hough)  assume  that  the  visible  boundary 
lias  a  density  of  about  one-half  that  of  water.  This 
medium  is  in  the  nature  of  a  liquid  ;  in  it  are  located  the 
Ureat  Red  Spot  and  the  egg-shaped  white  spots.  In  sucb  a 
medium,  all  motions  in  longitude  and  latitude  woidd  be 
slow  and  gradual,  and  the  shape  and  size  of  the  object 
would  have  great  permanency.  .  .  .  The  great  bay  in 
the  south  edge  of  the  equatorial  l>elt  may  be  accounted 
for  l>y  assuming  that  the  great  red  spot  is  at  a  lower 
temperature  than  the  medium  in  which  it  floats,  and  I'y 
its  lower  temperature  condensing  a  portion  of  the  vapour 
composing  the  belt.  ...  in  1883  1  stated  that  the 
spot  seemed  to  have  a  repelling  infltience  on  the  belt." 

Jf  the  action  of  the  sim  is  largely  instrumental  in  causing 
the  phenomena  of  Jupiter's  spots  and  belts,  then  any 
periodicity  due  to  revolution  round  the  sun  should  recur 
every  twelve  years.  There  is  no  such  cycle  conspicuous, 
and  any  slight  periodicity  due  to  this  cause — either  in  the 
forms  or  the  rotations  of  the  markings — has  escaped  notice 
if  it  e.xists.  Jupiter  has  also  a  fairly  large  family  of  his 
own,  but  we  cannot  lay  to  the  account  of  his  satelhtes  the 
credit  of  originating  his  disturbances  any  more  than  we 
can  attribute  to  the  planets,  the  spots,  iaculaj,  and  promi- 
nences on  the  sun.  But  in  both  cases  there  may  be  a 
modifying  influence — a  Jovian  observer  of  the  very  tirst 
raulc  has  told  me  that  in  his  transits  of  the  Great  Red  Spot 
during  the  last  years,  he  has  detected  a  period,  corre- 
spondiug  to  a  conjunction  of  the  two  largest  satellites — a 
swing  or  vibration  in  the  Spot  as  the  satellites  pulled  on 
it  this  way  or  that. 

Here,  then,  on  Jupiter  we  seem  to  get  some  analogy  lo 
the  sun.  The  planet  is  itself  at  a  higli  temperature,  but 
is  scarcely  at  all  self-luminous  ;  its  photosphere,  if  it,  may 
be  so  termed,  is  of  the  nature  of  a  liquid ;  and  its  maculie 
have  increased  and  become  more  permanent  as  its  radiative 
output  decreased. 

lu  a  3'et  minor  degree  still,  the  condition  of  things  ju'e- 
vailing  in  the  sun  must  also  prevail  in  the  interior  of  the 
earth.  From  the  solid  crust,  radiation  is  nil ;  in  the  centre 
the  pressure  and  temperature  must  be  such  as  have  no 
name. 

In  the  year  1(300  Dr.  William  Grilbert  wrotxj  that  the 
"earth  is  a  great  magnet";  thuit  its  "magnetic  virtue" 
conies  from  witliin  the  earth,  and  not  from  the  heavens 
above.  This  was  an  inspiration  on  his  part  rather  tliana 
valid  deduction  from  facts  at  his  disposal,  and  it  was  not 
until  the  nineteenth  century  that  it  was  shown  that  only 
about  five  per  cent,  of  the  earth's  magnetic  force  is  to  be 
referred  to  electric  currents,  either  circulating  round  the 
earth  or  passing  to  and  fro  betv»een  the  earth  and  the 
air.  The  remainder  is  derived  partly  from  permanently 
magnetised  substances  in  the  earth's  crust,  but  chietiy 
from  a  system  of  electric  currents  embedded  deep  in  the 
interior  of  the  eartli  and  connected  with  the  earth's 
rotation.  The  diurnal  variations,  annual  variations  (not 
secular  change),  and  magnetic  perturbations  are  to  be 
ascribed  to  electric  currents  in  the  upper  regions  ;  and  it 
is  these  which  vary  in  intensity  with  the  suuspot  cycle. 
But  for  tlie  rest  there  are.  1  think,  thnio  points  to  lie  noted. 
First,  in  the  "  IVlagnetic  Declination  Tables  and  Isogonic 
Charts  for  l!t02,'  Mr.  L.  A.  Bauer  statics  that.  '  accordiiig 
to  tlie  researches  of  two  Russians,  Leyst  and  I'assalski], 
the  diurnal  variation  is  different  over  locally  disturbed 
areas,  e.ij..  in  regions  of  iron  mines,  from  what  it  would  be 

if   (he  (listurliaiices   did   not  exis( Whether 

the  secuhir  change  is  likewise  different  over  locally  dis- 
turbed regions  troin  what  it  would  lie  if  the  local 
disturbance  were  not  present,  is  not  yet   known."     Next, 


magnetic  storms  are  most  frequent  and  violent  during  the 
periods  of  sunspot  activity,  and  are  in  very  many  instances 
coincident  with  the  passage  of  a  disturbed  region  across 
the  central  meridian  of  the  sun.  During  the  prevalen<^ 
of  these  storms,  according  to  Mr.  Bauer,  strongly  marked 
variations  in  the  electric  currents  within  the  earth's  crust 
manifest  themselves  along  with  the  variations  of  the 
magnetic  needle.  And,  thirdly,  it  may  be  a  mere  coinci- 
dence, but  it  seems  a  significant  one,  that  the  commence- 
ment of  the  prolonged  sunspot  minimum  in  the 
seventeenth  century  synchronized  with  the  vanishing  of 
the  iii;i'4iii'tir  .ji'cliuation.  It  would  not  be  wise  to  press 
this  ii>in(i(lcuce  too  far,  seeing  that  we  cannot  be  certain 
when  the  long  solar  calm  really  commenced.  It  was 
marked  and  commented  upon  from  1660  onwards.  Neither 
have  we  frequent  observations  of  the  magnetic  declination, 
nor  at  many  places,  and  the  time  at  which  it  disappeared 
is  not  the  same  for  all  the  places  of  observation.  But,  taken 
in  conjuaction  with  each  other,  these  three  phenomena 
suggest  that  the  deep-seated  magnetism  of  the  earth  is 
not  wholly  unaffected  by  the  solar  changes,  and  the  study 
of  its  variation  may  show  evidence  of  change  in  the  sun. 

The  chief  source  of  the  earth's  magnetism  is  due  to 
a  system  of  electric  currents  in  its  interior,  and  connected 
in  some  manner  with  its  rotation.  It  is  believed  that  the 
seetilar  change  of  the  earth's  magnetism  is  to  be  referred 
primarily  to  the  eft'cct  of  secondary  electric  currents 
generated  within  the  earth  by  its  rotation  around  an  axis 
not  coincident  with  its  magnetic  axis.  The  diurnal 
variation  is  taken  as  due  to  a  system  of  currents  in  the 
earth's  upper  atmosphere,  which  are  connected  with  the 
earth's  rotation,  in  that  different  parts  of  its  surface  are 
exposed  to  the  action  of  the  sun's  rays  in  a  period  of 
twenty-four  hours.  The  variation  itself  varies  in  sympathy 
with  several  solar  phenomena,  and  is  thereby  seen  to  be 
influenced,  directly  or  indirectly,  by  the  sun's  rotation. 
The  solar  phenomena  which  change  concurrently  with  the 
diurnal  variation  of  the  earth's  magnetic  force  are,  the 
corona,  the  prominences  (eruptive  and  quiescent),  facuhe 
and  spots. 

The  variation  of  sunspots,  both  in  niiniljtn-,  area,  and 
distribution  during  the  progress  of  the  solar  cycle,  is  too 
well  known  to  need  niucti  detailed  description.  Briefly,  at 
maxima,  the  spot-zones  occupy  mean  positions  in  about  l-S"^ 
of  N.  and  S.  latitude  ;  as  the  minima  approach,  the  zones 
sink  and  die  out  near  the  equator  ;  and  about  tiie  same  time 
a  new  series  of  spot-zones  have  come  into  existence  in  high 
solar  latitudes,  aud  gradually  with  the  advancing  cycle 
approach  again  the  maximum  position  at  about  15"  N.  and 
«.  There  is  tlius  indicated  an  intimate  relation  between 
the  intensity  of  the  whole  solar  disturliance  and  its  dis- 
tribution in  solar  latitude.  But  the  individual  spots  and 
streams  of  spots  show  a  closer  connection  still  with  the 
rotation  of  tne  sun  on  his  axis.  A  stream  of  spots  is,  or 
always  tends  to  become,  iiarallel  to  the  sun's  equator. 
Where  there  is  comparatively  large  initial  inclination,  the 
"pull  "is  so  strong  that  1  have  noticed  a  slight  swing 
across  the  line  of 'latitude  before  the  stream  settled  down 
to  steaily  parallelism.  So  too  with  a  single  spot  whose 
umbra  was  oval,  and  inclined  to  the  equator. 

Spots  are  rarely  seen  in  higher  latitudes  than  30'^ ;  never 
1  believe  above  50'.  Facuhv.  like  spots,  wax  and  wane 
with  the  solar  I'vcle,  but  have  two  zones  of  maximum 
activity  in  each  hemisphere.  Their  principal  maxima  are 
disiilaceil  with  llie  spot-zones  ;  secondary  maxima  occur  in 
higii  latitudes  beyond  the  regions  frequented  by  spots. 
Tiicy  are  only  distinguishable  near  the  suns  limb,  where 
the  greater  absorption  of  photosphoric  liglit  by  the  sun's 
••  dusky  veil  "  throws  them  into  bright  relief.  They  are, 
however,  closely  connected  with,  if  not  actually  identical — 
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iu  position  at  least — with  the  "  calcium  facula>  "  photo- 
graphed by  Prof.  Hale  over  the  solar  disc  by  meaus  of  a 
double  slit.  The  monochromatic  photographs  show  that 
these  "  calciuiu  faculie  "  lie  in  a  scries  of  belts  also  along 
parallels  of  latitude.  I  have  not  heard  whether  a  series  of 
such  photographs — first  taken  by  Prof.  Hale  towards  the 
beginning  of  the  last  maximum — have  been  made  in  any- 
thing like  a  continuous  manner  during  the  decrease  of  solar 
activity,  and  the  minimum  which  has  just  passed.  If  so, 
it  would  be  interesting  to  know  whether  these  bands  move 
or  alter  in  amount  as  the  solar  activity  decreases  and 
increases  again. 

Eruptive  prominences  are  exclusively  found  in  the  sun- 
spot  belts.  Quiescent  prominences  have  their  maximum 
within  15°  of  the  poles  when  the  sun  is  most  disturbed, 
and  as  his  activity  decreases  they  move  downward  and 
crowd  more  or  less  closely  round  the  equator.  Since  we 
observe  both  only  when  on  the  sun"s  limb,  we  cannot  say 
whether  they  are  disposed  in  parallel  belts  or  not.  The 
corona    seems    to    follow   closelv  the    law  of    distrilnition 


hot,  but  not  luminous  to  any  degree,  its  spots  and  lielts  aie 
distributed  iu  a  marked  manner  along  parallels  of  latitudes ; 
and  its  rotation  is  accomplished  once  in  about  ten  hours. 
We  are  on  the  earth,  a  body  with  a  solid  crust,  rotating 
once  iu  24  hours,  and  we  can  study  the  systems  of  electric 
currents  from  which  the  earth's  total  magnetism  chiefly 
results. 


THE   CHEMISTRY   OF   THE   STARS. 

III.— STAES     OF     THE     SECOND     TYPE. 

By  A.  Fowler,  f.k.a.s. 

Notwithstanding  the  great  multitude  of  lines  exhibited 
by  the  spectra  of  stars  of  the  second  type,  the  task  ot 
investigating  their  chemical  significance  is  iu  some  respects 
easier,  and  often  more  certain  in  its  results,  than  that 
which  has  to  be  faced  in  dealing  with  stars  of  other  types. 
This  is  because  of  the  very  close  resemblance  between  this 
type  of  .star  and  the  sun,  so  that  whatever  may  be  learned 


Fio.    7. — Pliotograpliic    Spectrum  of    Aroturus,   show! 

obeyed  l\y  the  quiescent  prominences,  but  its  forms  are 
certainly  greatly  disturbed  and  modified  by  the  presence 
of  eruptive  prominences.  Thus  in  the  corona  of  1901, 
whilst  the  streamers  on  the  western  limb  presented  the 
featureless  symmetry  of  dead  minimum,  the  streamers  on 
the  eastern  limb  were  moulded  and  distorted  by  under- 
lying disturbances,  strongly  suggesting  that  the'  type  of 
corona  seen  during  any  eclipse  is  not  due  so  much  to 
the  period  reached  in  the  cycle  of  solar  activity  as  to 
the  actual  disturbance  of  the  sun  at  the  very  time.' 

But  when  the  sun  is  actually  quiescent  then  the  undis- 
turbed, we  might  almost  say  the  normal,  form  of  the 
corona  consists  of  two  pairs  of  wings  folded  symmetrically 
about  and  parallel  to  the  sun's  equator.  So  that  it  is 
evident  that  the  corona, 
whether  or  not  it 
partakes  of  the  sun's 
motion  round  an  axis, 
is  influenced  by  the 
sun's  rotation  ;  it  owes 
its  form  to  this  motion 
when  not  disturbed  by 
other  —  for  it  more 
powerful — influences. 

There  are  only  three 
liodies  whose  rotation 
effects  we  can  stndv. 
The  first  is  the  sun,  a 
gaseous  body,  intensely 
hot,  and  intenselv 
luminous,  rotating  on 
its  axis  once  in  25  days ; 
we  can  study  the  corona, 
the  calcium  faculse  and 
the  spots,  all  influenced 
in  a  more  or  less  marked 


;     chemical  origins  of  some  of  the  i5rincipal  lines. 

[Beproduced  by  kind  permission  of  Sir  Norman  Lockyer.] 

from  the  spectrum  of  the  sun  by  making  use  of  more 
powerful  instruments  than  can  be  employed  in  the  case  of 
stars,  may  be  confidently  assumed  to  be  true  of  those  stars 
which  resemble  the  sua  in  so  far  as  their  spectra  can  be 
compared. 

Of  the  stars  included  in  the  second  type,  the  two  chief 
varieties  are  typified  by  Areturus  and  Aldebaran ;  or, 
adopting  the  nomenclature  of  Lockyer,  it  may  be  said  that 
the  second  type  comprises  the  Arcturian  and  Aldebarian 
stars.  In  both  varieties  the  same  lines  are  present,  but  in 
the  Arcturian  stars  the  hydrogen  lines  are  relatively 
stronger  than  in  the  Aldebarian,  while  the  reverse  is  the 
case  with  the  other  lines.  On  account  of  the  predominance 
of  metallic  lines  in  their  spectra,  both  varieties  are  con- 
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8.— A    small    part    of    the 
the  principal 


degree  by  the  sun's  rotation.      \\\-  can  study  the  planet 
Jupiter,  a  body  whose  outer  shell  is  probably  liquid,  still 


Spectrum  of   Areturus,    showing  chemical   origins  of  some  of 
lines.     (The  scale  indicates  wave-lengths.) 

veniently    grouped    together    by     Lockyer    as    "  icetallic 
stars."     Fig.   7,  from  a  photograph  taken  at   the  Solar 
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Physics  Observatory,  South  Keusingtuu,  gives  an  excellent 
idea  of  the  Arcturian  type  of  sjiectnun,  with  its  numerous 
well-defined  lines.  When  the  spectrum  is  carefully  dis- 
sected, it  is  found  that  it  reproduces  the  solar  spectrum 
with  remarkable  fidelity,  even  in  minute  details.  In 
rig.  8  we  have  an  enlarged  view  of  the  small  part  of  the 
spectrum  between  wave-length  4000  and  wave-length 
4150,  which  should  be  compared  with  the  photographs  of 
the  same  part  of  the  solar  spectrum  previously  given  in 
Figs.  2  and  3  (KNOWLEDflE,  February,  1903).  Comparing 
it  with  the  solar  spectrum  photographed  with  moderate 
dispersion  (Fig.  2),  the  similarity  is  especially  manifest, 
and  the  stellar  spectrum  only  dift'ers  from  the  more  perfect 
photograph  of  the  solar  spectrum  shown  in  Fig.  3  in 
compounding  groups  of  close  lines  into  single  lines.  There 
is  no  reason  to  supj)ose,  however,  that  such  groups  would 
fail  to  show  the  separate  components  if  instruments  of 
sufficient  dispersion  could  be  employed  on  the  stars. 

It  is  evident  then  that  the  sun  is  tlie  best  example  of 
the  Arcturian  group  of  stars,  and  that  an  interpretation  of 
its  spectrum  will  also  hold  good  for  the  other  stars  of  the 
same  type.  As  already  exp)lained,  this  interpretation  is 
based  on  matching  the  solar  lines  with  lines  of  terrestrial 
substances,  preferably  by  photographic  methods,  and  it  is 
then  found  that  most  of  the  lines  correspond  in  wave-length 
and  relative  intensity  with  those  which  appear  in  the  arc 
spectra  of  various  metals.  The  results  of  such  comparisons 
are  best  exhibited  by  tabulation  of  wave-lengths,  and  the 
accompanying  brief  extract  from  Rowland's  great  table  of 
something  over  twenty  thousand  solar  lines  will  indicate 
the  nature  of  the  results  obtained  by  the  use  of  instru- 
ments of  very  great  dispersion. 

(The  table  should  be  compared  with  Figures  2,  3,  and  8.) 


Wave-lengtli.  j  Substance.    Intensity.  Ij  Wave-length.    Substance,   Intensity 


It  will  be  observed  that  many  of  the  lines,  chiefly  of 
small  intensity  (as  indicated  by  the  intensity  numbers, 
0,  0<>,  000),  have  not  yet  been  identified,  but,  as  the 
possible  comparisons  are  by  no  means  exhausted,  it  is  uot 
vet  to  be  concluded  that  such  lines  have  no  terrestrial 
e<iuivalents.  The  elements  so  far  recognized  as  contri- 
buting to  the  solar  spectrum  in  its  entirety  are  as 
follow : — 


Ahiminiiini. 

[ron. 

Scandium. 

Biiriuni. 

Lanthanum. 

Silicon. 

Omlmiiim. 

Magnesium. 

Silver. 

Calcium. 

Manganese. 

Sodium. 

Cnvbon. 

Molylidenum. 

Strontium 

Cerium. 

Ncoclymiuni. 

Titanium. 

Cobalt. 

Nickel. 

Vanadium 

Copper. 

Oxygon. 

Yttrium. 

Chromium. 

Palladium, 

Zinc. 

Hydrogen. 

Potassium, 

Zirconium 

In  addition  there  is  evidence  which  suggests  the  possible 
presence  of  the  following  elements  :  — 

Beryllium.  Lead.  Ruthenium, 

Didymium.  Lithium,  Tantalum, 

Erbium.  Mercury.  Thallium. 

Germanium.  Niobium.  Thorium. 

Glucinum.  Osmium.  Tin. 

Indium.  Platinum.  Tungsten. 

Iridium.  Rhodium.  Uranium. 

Besides  these,  though  not  revealing  their  presence  in  the 
Fraunhofer  spectrum  of  dark  lines,  helium  and  the  hypo- 
thetical "  corouium  "  are  important  constituents  of  the 
solar  (•lir()uiosj)lR're  ;nid  curona  respectively,  and  there  can 
l:)e  little  (Iciubt  tjiat  iudications  of  these  gases  would  also  bo 
found  in  the  Arcturian  stars  if  we  were  near  enough  to 
disentangle  the  spectra  of  the  separate  parts  of  the  stars, 
as  we  are  able  to  do  in  the  case  of  the  sun.  This  example 
forcibly  illustrates  the  important  truth  that  the  investi  ■ 
gation  of  such  a  spectrum  as  that  of  an  Arcturian  star  can 
only  directly  reveal  the  chemical  composition  of  the  par- 
ticular part  of  the  star  which  by  its  absorption  produces 
the  dark  lines.  The  spectrum  indicates  what  is  certainly 
present,  but  gives  no  evidence  as  to  what  is  really  absent. 

The  general  result  of  this  analysis  of  the  solar  spectrum 
then  is  to  show  that  the  elements  entering  into  the 
composition  of  stars  of  the  second  t3^pe  are  not  essentially 
different  from  those  composing  the  earth,  and  this 
ol)viously  is  a  conclusion  of  the  first  importance  in  con- 
siderations relating  to  the  plan  of  the  universe.  Its 
significance  can  be  partially  realised  when  the  number  and 
distribution  of  the  stars  are  investigated.  There  is  already 
evidence  that  some  thousands  of  stars  have  spectra  of  the 
second  type,  but  dealing  only  with  those  which  have  been 
studied  in  detail,  Lockyer  finds  that  out  of  470  stars* 
(including  all  the  stars  down  to  magnitude  3o  in  both 
hemispheres)  there  are  78  of  the  Ai'cturian  and  56  of 
the  Aldebarian  group  ;  that  is,  in  more  than  a  quarter  of 
the  stars  investigated  there  is  direct  evidence  of  the 
predominance  of  solar  and  terrestrial  matter.  It  is  indeed 
not  too  much  to  say  that  not  only  are  the  same  substances 
present  in  all  these  stars,  but  that  they  exist  in  the  same 
proportions  throughout. 

A  study  of  the  (listribution  of  stars  of  this  type  is  not 
less  suggestive.  Some  of  the  brighter  members,  according 
to  Lockyer,  are  as  follow  :  — 

Aldebakian  Stabs,  .\BCTrRiAX  Stabs. 

Y  Andromedie.  »  Aquarii. 

Y  Aquilae.  «  Arietia. 
^  Capricorni.  a  Aurig.'c. 
»  Hydnc.  «  Bootis. 

t  Pegasi.  '  "',  «■-  Capricorni. 

«  Pho'nicls.  "  Cassiopei;v. 

n  Serpentis.  »  Centauri. 

"  Tauri.  ^  Gcminorura. 

a  Toucan  i.  y  Lcouia, 

P  UrsiB  Minoris.  y  Poisei. 

«  A'irginis.  3  Tirginis. 

These  few  exam])les  will  serve  to  show  that  the  second 
type  stars  surround  us  in  every  direction,  and  a  fiirthei- 
consideration  of  their  distances,  so  far  as  they  have  been 
ascertained,  suffice  at  least  to  show  the  immensity  of  the 
space  through  which  terrestrial  matter  is  dispersed.  Re- 
cently published  determinations  by  Elkiu  give  the  parallax 
of  a  Tauri  as  0  '•10S>.  of  a  Aurigw  as  0"079.  of  /3  Geminorum 
as  0''-05t),  and  of  a  Bootis  as  0"02(i.  corresponding  re- 
spectively to  30,  41,  59,  and  125  hght-years.  Taking 
proper  motion  as  an  indication  of  stellar  distance,  the 


•  "Catalogue  of  470  of  the  Bright.er  Stars,  classified  according  to 
their  chemistry  at  the  Solar  Physics  Observatory."     (H.M.  Stationerv 
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researches  of  Kaptovu  suggest  that  there  is  a  prejiouderance 
of  metallic  stars  among  the  stars  nearest  to  us,  but  at  the 
same  time  there  are  many  stars  of  this  class  wliich  have  no 
ai)precialile  proper  motion,  and  are  therefore  presumably 
among  the  stars  most  remote.  It  may  therefore  he 
concUuled  that  matter  similar  io  that  composing  the  sun 
is  distributed  throughout  the  visible  universe. 


THE  SUNSPOTSOF  1903,  MARCH  AND  APRIL. 

By   E.   Walter  Maundkr,   f.e.a.s. 

The  year  1901  was,  beyond  question,  the  year  of  the  solar 
minimum.  But  the  evidences  of  reviving  activity  were 
curiously  slow  to  manifest  themselves.  There  was,  indeed, 
a  slight  upward  progression  in  UH)-2,  the  mean  daily 
spotted  area  being  nearly  double  what  it  had  been  in  the 
previous  year.  But  the  intervals  during  which  the  solar 
disk  remained  absolutely  quiescent  were  numerous  and 
long,  so  that  whereas  81  per  cent,  of  the  days  in  1901 
showed  no  spots,  72  per  cent,  in  1902  were  in  a  like  case. 
From  1902,  June  5,  to  September  17,  a  period  of  fifteen 
weeks,  there  was  practically  unbroken  quiescence;  only 
two  or  three  minute  spots — and  these  faint  and  sliort- 
lived — were  seen  during  the  whole  time.  But  with 
September  18  a  more  active  period  began,  and  the  next 
ten  weeks  showed  more  spot  groups  than  the  whole  of  the 
year   l)eside.      December   was   a    quiet   month,    but   new 


Group  A,  1903,  Slarcli  2(1 

spots  were  seen  with  the  commencement'  of  the  new  year, 
and  the  sun  showed  a  slight  but  steady  activity  up  to 
March  21. 

On  this  day  a  distinctly  new  phase  commenced.  A 
large  regular  spot,  which  for  distinctness  of  reference 
we  will  call  A,  appeared  on  the  east  limli,  in  north 
latitude  24*-\  Two  days  later  another  group  appeared, 
likewise  at  the  east  limb  and  in  the  same  latitude.  This 
second  group,  B,  consisted  of  a  small  stream  of  rather 
unstable  spots.  On  March  26th  a  third  group,  C,  appeared 
also  on  the  east  limb.  This  spot  was  larger  than  its 
predecessors,  but  was  apparently  in  a  later  stage  of 
development.  The  areas  covered  by  these  three  groups,  if 
expressed  in  the  unit  adopted  at  the  Royal  Observatory, 
(Treenwich,  '•  millionths  of  the  sun's  visible  hemisphere," 
would  be  about  200,  100,  and  260.  The  Greenwich  unit 
(■(irresp(mds  to  a  little  more  than  a  millicm  square  miles, 
si>  that  the  areas  expressed  as  millions  of  square  miles 
would  be  approximately  240,  120,  and  300. 

These  areas  ai-e,  of  course,  quite  small  com])ared  with 
those  which  are  presented  to  us  at  the  time  cf  the  solar 
niaxiiuum.  Thus  ou  1893,  August  7th,  the  total  area 
I'overed  by  all  the  spots  visible  on  that  day  amounted  to 


fiOOO  millions  of  square  miles  ;  that  is  to  say,  an  area  nine 
times  as  great  as  that  presented  by  the  combination  of 
these  three  groups.  Indeed,  one  of  the  groups  of  the 
minimum  year.  1901,  was  as  large  as  these  three  groups 
put  toyvflicr  ;  yi'ttlie  sun  has  been  so  quiet  for  so  long 
that  cousidi'iMl.].'  attention  has  been  attracted  by  them, 
not  ni('r(  ly  in  scieutific  quarters  but  also  in  the  daily  press. 
By  April  3rd,  the  first  group.  A,  had  passed  off  at  the 
west  limb  ;  the  second  group,  B,  which  had  disapyieared 
for  a  while  and  then  formed  afresh  on  a  somewliat  larger 


Group  C,  1903,  Mnrcli  HI. 

scale,  was  a])proa(;hiug  the  west  limb  ;  and  the  third,  C, 
which  was  in  latitude  17^  S.,  had  liroken  up  and  greatly 
diminished,  and  only  two  small  faint  spots  remained.  As 
if  to  compensate  for  this  diminution,  a  fourth  group,  D, 
appeared  on  this  day  on  the  east  limb  in  the  same  latitude, 
or  nearly  so,  as  group  C.  Group  D  was  larger  tlian 
any  of  its  predecessors,  and  was  fairly  regular  in  shape, 
with  a  fringe  of  small  sjjots  bordering  it  on  the  following 
side.     Its  area  was  about  420  millions  of  square  miles. 

A  particular  interest  attached  to  this  group  D,  in  that 
when  it  had  advanced  rather  more  than  halfway  towards 
the  central  meridian  there  was  a  sharply  marked  little 
magnetic  disturbance,  which  may  or  may  not  have  been 
connected  with  it.     It  is  certainly  not  one  of  the  instances 


Group  D,  1903,  April  G. 

in  which  the  connection  Ijetween  sunspot  and  niagnelic 
disturbance  is  unmistakable,  but  it  deserves  note  as  an 
instance  of  possible  connection. 

On  April  8th,  a  small  stream  of  faint  spots,  E,  appeared 
on  the  east  liml)  in  latitude  22^  N.  Ou  April  19th,  two 
groujis,  both  small,  apjieared  on  the  east  limb,  the  one 
a  return  of  the  spot  A  of  March  21st,  and  the  other,  P, 
almost  balancing  it  in  the  southern  hemisphere.  That  is 
to  say,  the  two  spots  had  nearly  the  same  longitude,  but 
their  latitudes  were  of  opposite  signs.  Spot  C  of  March 
26th  returned  ou  April  2:?nd.     On  April  24th  a  new  group 
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PHOTOGRAPH      OF      THE      SUN: 

1903,    April    30d     iih.    iim.    51s.,    G.    Civil    Time. 
Taken    at    the    Royal    Observatorj-.    Greenwich,    with   the    Thompson    Photoheliograph    of  9   inches   aperture. 
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aijpeared  at  the  east  limb  in  latitude  18'^  N.,  and  was 
followed  three  days  later  by  another,  H,  in  the  same  lati- 
tude. On  April  30th,  when  the  photograph  was  taken 
which  forms  our  plate,  and  which  we  owe  to  the  kind 
permission  of  the  Astronomer  Eoyal,  these  thtee  groups 
were  all  fully  displayed  near  the  centre  of  the  disc.     The 


Group  G,  1903,  April  30. 

two  northern  groups,  G  and  H,  were  both  streams  of  sun- 
spots,  the  larger  of  which, G, — first  seen  on  the  limb  on  April 
•24th — now  stretched  out  to  a  total  length  of  over  100,000 
miles.  Usually  in  a  stream  of  sunspots  the  leading  spot  is 
the  best  defined,  and,  if  not  the  largest  in  the  group,  is  only 
surpassed  by  the  rear  spot.  If  the  stream,  as  is  not 
uncommon,  spreads  out  into  two  or  three  branches, 
inclined  to  one  another  at  a  small  angle,  they  nearly 
always  radiate  from  the  leading  spot.  In  the  present 
instance  the  reverse  is  the  case. 

It  is  a  curious  circumstance,  well  worth  attention,  that 
all  these  eight  groups  took  their  rise  in  the  hemisphere 
remote  from  the  earth.  All  were  first  seen  as  the  rotation 
of  the  sini  lirought  them  into  view  at  the  east  limb.  Group 
B  had,  alone  of  the  eight,  been  seen  during  an  earlier 
rotation,  but  like  the  others  it  formed  in  the  unseen 
hemisphere  and  came  into  view  at  t)ie  east  limb,  wliere  it 
was  first  seen,  a  regular  spot,  on  February  23. 
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MAN'S    PLACE    IN    THE    UNIVERSE. 

TO    TUE    EDITORS    OF    KNOWLEDGE. 

Sirs, — Dr.  Wallace's  conclusion  is  a  very  old  one,  almost 
obsolete.  The  Earth  and  man  are  in  his  view  the  centre, 
the  end,  and  the  su]iremc  pur|iose  of  the  whole  iiniverse, 
aiul  everv  world  and  star  are  in  existence  for  the  production 
and  the  dcvelopnient  of  the  living  soul  of  man. 

This  theory,  tliat  of  all  antiqvie  religious,  has  seemed  so 
completely  overthrown  by  the  discoveries  of  science  that 
nobody  has  dared  to  defend  it.  Is  the  new  astronomy 
coming  back  after  a  long  digression  to  the  sujireme  con- 
clusion of  the  ancient  learning  ':  Is  the  universe  a  ]>urely 
anthropocentric  thing?  AVe  do  not  believe  it,  and  witliout 
I'ollowini;- our  author  to  theological  ground    (we  are  veiv 


incompetent  for  that)  we  hope  to  present  some  arguments 
against  the  views  he  so  firmly  advances. 

In  the  first  place,  from  that  strictly  scientific  point  of 
view  which  is  ours,  is  it  correct  to  say  that  the  Earth  is,  in 
the  solar  system,  a  planet  peculiar  in  its  habitability  ?  To 
discuss  that  fully,  it  would  be  necessary  to  expound  at 
length  the  doctrine  of  the  plurality  of  inhabited  worlds,  a 
doctrine  well  known  by  the  works  of  Flammarion,  Gore, 
and  manv  other  gifted  autl^i-  We  prefer  to  rest  on  the 
grounds  ndopt,  I IIa  1  >r.  Wallace,  anj  to  admit  with  him 
that  for  sii-uuiini-  In.  v.c  ou^ht ^.t,iKay  life  such  as  we 
know  iinj^'Caithj  som.;  clcui.^,t-^  sitljfciitauces  are  requisite, 
and  also  a  temp.^nitiua.  Rest^-ainWl  between  narrow  limits 
during  the»  hms4  seiiiK'Hi-e  of  ilji^iages  necessary  for  the 
evolutioMitJ^liVin-  l'<'in^;^ti(i 

A(5W-i1in!»  to  Di-.v^fcftlace,  the  conditions  of  hfe  are  :— 

1st.— A  J^alice"  from  the  Sun  sufficient,  and  just 
sufficient,  to'  produce  clouds,  rains,  and  river-circulation, 
and  to  keep  up  tbe  temperature  required.  We  are  of  the 
same  opinion,  but  it  seems  to  us  that  such  a  circulation 
and  such  a  temperature  are  possible  on  other  planets  than 
the  Earth.  The  spectroscope  reveals  unmistakable  aqueous 
vapour  in  the  atmospheres  of  at  least  Venus  and  Jupiter. 
In  the  general  plan  of  the  solar  system,  the  distance  from 
the  Sun  to  the  Earth  is  not  peculiar  or  extraordinary  in 
auv  way. 

2ii,i  _L^  sufficient  atmosphere  to  produce  the  said  water- 
circulation,  and  to  equalise  the  burning  heat  of  the  days 
and  the  frozen  coldness  of  the  nights.  Is  this  equalisation 
a  property  exclusively  given  to  our  orb?  Are  the 
atmospheres  of  Venus"  and  Jupiter  defective  for  that 
office?  Dr.  Wallace  writes  also:  "The  mass  of  an 
atmosphere  depends  largely  upon  the  mass  of  the  planet ; 
Mars  is,  therefore,  unsuitable  for  life."  Is  not  this  in 
every  way  a  purely  gratuitous  assumption  ? 

3rd. — A  large  proportion  of  the  planetary  surface 
covered  by  oceans,  with  currents  and  tides.  Tidal  action 
being  dependent  upon  the  Moon,  the  want  of  such  ;< 
satellite  prevents  Venus  from  having  high  forms  of  life. 
The  author  forgets  that  the  Sun  is  able  to  produce  very 
appreciable  tides  by  itself,  especially  in  the  case  of  Venus, 
to  which  it  is  nearer  than  to  our  Earth.  And  on  our 
Earth,  to  look  at  the  question  from  another  side,  tideless 
seas  (as  the  Mediterranean  Sea)  are  by  no  means  lifeless. 

4th.— The  depth  of  oceans,  indicating  the  permanency 
of  their  features.  We  grant  it,  but  u])on  what  grounds 
can  we  assert  that  such  a  depth  is  wanting  on  other 
planets  ? 

5th. — The  existence  of  atmospheric  dust,  produced  by 
deserts  and  volcanoes,  as  this  is  the  first  cause  of  rain  and 
clouds.  Granted,  but  volcanoes  can  exist  on  other  worlds. 
From  this  point  of  view  the  Moon  would  be  an  ideal  orb. 
It  is  a  very  curious  way  of  proving  that  life  exists  only 
upon  our  Eartli  to  say  that  d.'serts  are  peculiar  to  it.  For 
if  there  are  no  deserts  on  other  planets  there  must  be 
their  opposites,  viz.,  a  luxuriant  vegetation  and  innumer- 
able forms  of  life.  Anyway,  shooting  stars  and  meteorites 
might  supply  quite  sufficient  dust  to  produce  water- 
condensation. 

Such  are  the  arguments  by  which  Mr.  Wallace  sustains 
his  idea  that  the  conditions  of  life  do  not  co-exist  on  other 
planets  than  our  Earth.  We  believe  very  firmly  that  they 
are  absolutely  insufficient  for  any  scientist.  We  believe, 
on  the  contrarv,  from  an  impartial  study  of  all  the 
scientific  data,  that  life  is  possible  on  other  worlds,  and 
that  the  Earth  has  not  the  privilege  of  being  the  \mique 
inhabited  and  inhabitable  orb. 

We  arc  also  unable  to  accept  another  view  of  Dr. 
Wallace,  namely,  that  on  the  confines  of  the  universe 
(supposing  it  finite)  the  law  of  gravitation  is  not  obeyed. 
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and  radiant  energy  becomes  so  irregular  that  life  cannot 
exist.  These  are  pure  assumptions,  without  any  scientific 
ground  to  sustain  tbeni.  On  the  contrary,  we  see  the  law 
of  gravitation  ruling  over  the  most  distant  double  star 
systems.  We  need  more  than  an  assumption  to  over- 
throw a  doctrine  so  plausible  as  that  of  the  plurality  of 
inhabited  worlds. 

To  leave  these  secondary  questions  and  to  examine  the 
])robk'm  itself.  Dr.  Wallace  asserts  that,  on  the  authority 
of  the  new  astronomy,  the  Sun  occupies  a  special  and 
unique  situation,  being  at  the  very  centre  of  the  universe. 
i)o  the  astronomical  results  justify  that  very  important 
conclusion  ? 

The  scientific  basis  upon  which  Dr.  Wallace  mainly,  if 
not  entirely  relies,  is  that  of  the  iuvalirable  book  by  Prof. 
Newcomb,  "  The  Stars :  a  Study  of  the  Universe."  We 
fear  Dr.  Wallace  did  not  read  this  book  with  suificieut 
cai-e,  for  we  have  just  read  again  that  masterly  work,  and 
we  are  \>j  no  means  led  to  such  a  conclusion  as  that 
reached  by  Dr.  Wallace. 

Jn  the  first  place  we  are  confronted  by  the  question,  '"  Is 
the  universe  finite  or  infinite?"  An  insoluble  problem 
in  the  present  state  of  science.  With  Newcomli,  Dr. 
Wallace  says  :  "  The  universe,  or,  at  least,  the  visible 
universe  seems  finite,"  and  he  follows  the  arguments 
of  Prof.  Newcomb  completely.  We  believe,  personally, 
that  no  convincing  proof  has  been  brought  out  against  the 
universe  being  infinite;  Imt,  for  brevity,  we  will  grant 
that  the  visible  universe  is  a  limited  body.  We  will  also 
even  grant  that  our  solar  system  lies  in  the  medial  plane 
of  the  Milky  Way  (from  the  fact  that  the  Galaxy  is  seen 
on  the  Heavens  as  nearly  a  great  circle,  which  it  would 
not  be  if  we  viewed  it  from  a  side  of  the  central  plane). 
But  this  is  all ;  and  we  are  unable  to  say  with  Dr.  Wallace 
that  the  sun  is  placed  exactly  at  the  centre  of  the  Galactic 
ring.  In  fact,  no  such  a  definite  conclusion  is  warranted 
except  by  evidence  which  is  not  yet  before  us. 

If  we  grant,  however,  that  the  sun  is  in  the  neiyhboarhood 
of  the  central  plane  of  the  Milky  Way.  does  it  follow  that 
we  are  in  the  centre  of  the  Galactic  universe  ?  It  would 
do  so,  according  to  our  author ;  and  to  put  his  theory  on 
tii-m  ground,  Dr.  Wallace  again  refers  to  the  researches  of 
Pnif.  Newcomb  and  Kapteyn  (of  Griiningen).  Prom  their 
marvellous  studies,  so  clearly  set  forth  by  Newcomb  in 
"The  Stars,"  the  nearer  stars  (nearness  indicated  not  by 
their  brilliancy,  but  by  their  mean  proper  motion)  would 
form  a  sort  of  solar  cluster,  almost  globular,  and  the  Sun 
would  be  deejdy  immersed  in  that  cluster.  But  if  w^e 
suppose  these  results  from  somewhat  hypothetical  stellar 
statistics  to  be  true,  why  should  Dr.  Wallace  say  our  Sun 
is  at  the  centre  of  that  cluster  and,  therefore,  at  the  centre 
of  the  whole  universe  ? 

We  have  ourselves  studied  the  text  of  Newcomb's  work, 
certtiiuly  the  scieptific  base  of  Mr.  Wallace's  paper,  and 
we  were  quite  imable  to  find  any  sufficient  arguments  to 
establish  this  central  position  of  our  Sun.  Pmf.  Newcomb 
writes  (p.  312)  on  the  nearness  of  the  Sunto  the  central 
plane  of  the  Galaxy.  According  to  Dr.  Wallace's  theory, 
(.lur  luminary  must  be  at  the  very  centre  of  the  Galaxy, 
otherwise  it  would  lose  immediately  its  unique  situation. 
Even  for  Prof.  Newcomb,  it  remains  to  be  proved  whether 
tlie  Sun  is  or  is  not  at  the  centre  of  the  medial  Galactic 
plane,  some  facts  inducing  him  to  think  that  we  are  nearer 
to  one  side  of  the  Milky  Way  (in  the  constellation  Aquila) 
than  to  the  other.  Further,  if  by  hypothesis,  at  a  given 
instant,  the  Sun  were  at  the  centre  of  the  universe,  it 
would  lose  its  position  soon,  and  never  return  to  it  again. 
We  must  not  forget  the  proper  motion  of  our  luminary,  a 
motion  of  ten  miles  per  second  at  least.  With  that  speed. 
how-  could  the  Sun  rest  for  all  eternitv  at  the  centre  of  the 


universe,  as  a  king  on  his  throne  ?  We  must  npt  forget 
also  that  this  solar  motion  is  a  relative  one,  deduced  from 
the  apparent  opposite  motion  of  the  stars.  This  seems  a 
clear  proof  that  the  sidereal  universe  does  not  remain 
concentric  (so  to  speak)  with  the  S\m. 

We  have,  therefore,  no  right  to  claim  for  the  Sun,  the 
Earth,  and  man,  a  peculiar  and  privileged  position.  We 
must  not  indeed  neglect  on  a  priori  grounds  any  theory, 
however  startling  and  unexpected  it  may  be,  but  we  may 
respectfully  invite  the  new  theorist  to  submit  his  views  to 
the  cross-examination  of  science.  We  regret  to  say  that 
we  believe  Dr.  Wallace's  ideas  are  not  supported  by  the 
new  astronomy.  His  paper  is  astonishing  and,  in  a  sense, 
interesting  to  read,  but  we  very  candidly  declare  ourselves 
not  convinced  by  the  reasons  offered  to  us,  and  we  remain 
impenitent  adherents  of  the  doctrine  of  the  plurality  of 
worlds ;  a  doctrine  so  simple,  so  charming  to  the  human 
mind,  and  so  fertile  in  philosophical  deductions. 

When  we  gaze  on  the  heavens,  wo  prefer  to  think  that 
there  are  other  lives  and  other  humanities,  than  to  i)lace 
ourselves  on  a  pedestal  and  to  look  proudly  round  an 
empty  universe.  We  acknowledge,  without  hesitation, 
that  this  preference  is  no  material  proof  of  life  on  other 
worlds,  but  we  beg  in  exchange  to  be  allowed,  without 
being  considered  guilty  of  contempt  for  the  teachings  of 
science,  to  regard  the  Sun  and  the  Earth  as  very  ordinary 
orbs,  having  no  special  characteristics,  and  as  no  more 
siutable  for  life  than  innumerable  other  suns  and  planets 
which  rotate  in  the  unknown  infinite. 

Marcel  Moye. 
Professor  iti  the  University  of  MontiJfllier 
(France). 

5,  rue  Flaugergues, 

Montpellier,  France. 


IS     THE     UNIVERSE     LIMITED? 

TO    THE    EDITORS    OF    KNOWLEDGE, 

Sirs, — In  a  notice  of  Dr.  A.  E.  Wallace's  recent  article 
by  Professor  W.  H.  Pickering,  a  view  of  the  question  of 
the  limits  of  the  universe  is  taken  which  I  think  will 
strike  many  of  yoiu'  readers  as  new,  but  seems  to  be  borne 
out  to  a  considerable  extent  by  the  Harvard  observations 
on  the  stars  in  the  constellation  of  Orion.  It  is  that  an 
infinite  numlier  of  luminous  stars  is  quite  consistent  with 
the  limited  quantity  of  light  which  we  receive  from  the  sky, 
provided  that  the  distance  between  the  stars  becomes  (on 
the  average)  greater  the  farther  we  go  from  the  solar 
system.  On  the  generally  accepted  scale,  the  light  of  a 
star  of  the  ?i'*  magnitude  exceeds  that  of  a  star  of  the 
n  +  1"'  magnitude  in  the  proj)ortion  of  2'512  to  1.  Now 
suppose  the  average  distances  of  the  stars  in  question  to 
be  in  the  ratio  of  1'585  (=  f^ '2-512)  to  1,  and  that  owing 
to  the  thinning  out  of  the  stars  the  number  only  increases 
in  the  ratio  of  l-25(>  for  each  degree  of  magnitude.  The 
total  light  of  the  stars  of  the  n  +  1"'  magnitude  would 
then  Ije  only  one-half  of  that  of  the  stars  of  the  «"'  magni- 
tude;  and  if  the  same  process  went  on  to  infinity,  the 
total  light  of  all  the  stars  fainter  than  the  «'*  magnitude 
would  only  be  equal  to  that  of  stars  of  the  »i'*  magnitude. 

Taking  the  constellation  of  Orion,  the  increase  in  the 
number  of  stars  for  each  magnitude  has,  according  to  the 
Harvard  observations,  come  down  to  14  or  13  to  1  before 
the  stars  become  too  faint  for  measurement.  If  this 
proportion  continued  to  infinity  the  total  light  would  be 
of  very  limited  amount.  The  number  of  stars  would 
indeed  be  infinite,  for  the  number  of  the  n  -f  i"'magnitiide 
would  always  exceed  that  of  the  n"',  but  the  total  light 
given  would  diminish  rapidly  as  n  increased,  and  even  if 
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the  process  went  ou  to  infinity  could  never  exceed  a  very 
limited  amount.  It  is,  however,  essential  to  this  theory 
(assuming  that  no  light  is  lost  in  transmission)  that  the 
thinning-out  should  go  on  to  infinity.  If  it  came  to  a 
stop  anywhere  we  should  arrive  ata  different  result ;  and 
a  thinning-out  extending  to  infinity  suggests  that  we  are 
near  the  centre  of  the  system. 

I  may  add,  however,  that  tlie  constant  detection  of 
additional  stars  \>y  more  powerful  instruments  does  not 
disprove  the  finiteuess  (in  space)  of  the  visible  universe.  We 
may  be  discovering  fainter  stars  within  the  same  space-limits 
as  those  already  detected.  There  are  still  undiscovered 
stars  (asteroids)  within  the  limits  of  the  solar  system,  and 
perhaps  our  nearest  self-luminous  neigiibour  has  yet  to  be 
detected.  Till  lately  we  did  not  dream  of  the  vicinity  of 
Eros.  On  this  subject  (and  many  others)  we  must,  I 
think,  be  content  to  wait  and  watch. 

W.  H.  S.  MoNCK. 

[The  point  is  not  new.  It  was  put  forward  very  clearly 
l)y  Mr.  Charles  E.  Inglis  in  Knowledge,  1900,  March, 
p.  6-5.  It  will  be  remai'ked  that  it  assumes  the  proposition 
Dr.  Wallace  seeks  to  establish  of  the  essentially  central 
position  of  the  solar  system. — E.  Walter  Maunder.] 


THE    BIBLICAL     •  MAZZAEOTH." 

TO  THE   EDITORS   OP   KNOWLEDGE. 

Sirs, — Can  any  of  your  readers  tell  me  what  star  or 
constellation  the  word  "  Mazzanith  "  means  in  the  38th 
chapter  of  Job  and  32ud  verse  ? 

James  B.  Bowek. 

Claremont.  Teignmouth,  Devon. 
•24th  March,  1903. 

[There  is  an  evident  pai-allelism  between  Job  ix.  9  and 
Ji>b  XXXVIII.  32;  and  the  "  Mazzaroth "  of  the  latter 
answers  to  "  the  chambers  of  the  south  "  of  tlie  former. 
These  are  without  doubt  the  twelve  signs  of  the  zodiac 
through  which  the  sun  passes  in  the  course  of  the  year. 
Each  is  brought  out  in  its  own  ''  season,"  whilst  the 
circumpolar  constellation  of  the  "Bear"  {see  the 
Revised  Version)  is  always  above  the  horizon,  but  is 
"guided"  with  her  train  in  her  unceasing  circuit  round 
the  pole. — E.  Walter  Maunder.] 


Astronomical. — The  interesting  ])roblem  presented  by 
the  feeble  nebulosity  surrounding  Nova  Persei  has  been 
attacked  in  a  most  courageous  manner  by  Mr.  Perrine,  of 
the  Lick  Observatory  (Circular.  No.  33).  On  account  of 
its  exceeding  faintness.  any  attempt  to  determine  the 
spectrum  of  this  nebulosity  seemed  almost  hopelc?ss,  but 
in  view  of  the  great  importance  of  such  knowledge,  a 
photograjihic  spectroscope  of  small  dispersion  was  specially 
constructed  for  the  purpose  in  connection  willi  the 
(U'ossley  reflector.  Commencing  with  7h.  40m.  on  the 
night  of  October  31st,  1902.  and  ending  with  9h.  2.'>m.  on 
November  4th,  a  photographic  plate  was  exposed  to  the 
spectrun)  of  "condensation  D,"  for  no  less  than  34h.  9ra., 
and  it  must  have  been  very  gratifying  to  find  that  the 
resulting  negative  showed  even  a  very  faint  spectrum.  A 
careful  discussion  of  this  photograph  has  led  to  the  con- 
clusion that  the  spectrum  of  the  nebulosity  in  Novemlier. 
1902,  was  not  the  spectrum  of  an  ordinary  gaseous  nebula  ; 
that  it  was  not  the  spectrum  of  the  Nova  since  the  latter 
became  nebular:  and  that  it  more  nearly  resemblfd  the 
spectrum   of    the  Nova  during   the   tirst  lew   davs   of  its 


outburst.  This  spectroscopic  evidence  is  considered  to  be 
not  inconsistent  with  the  theory  that  the  luminosity  of  the 
nebula  is  due  to  reflection  of  the  light  emitted  by  the 
Nova  at  the  time  of  its  greatest  brightness,  but  it  is  not 
regarded  as  in  itself  quite  sufficient  to  establish  this 
theory. 

Great  activity  <m  the  part  of  the  staff  of  the  Lick  Ob- 
servatory is  indicated  by  other  circulars  recently  puldished. 
No.  29  gives  particulars  of  measures  of  117  new  double 
stars,  more  than  half  of  which  have  distances  not 
exceeding  one  second.  No.  30  gives  observations,  elements, 
and  ephemeris  of  Comet  a  1903  (Giacobini).  No.  31 
announces  the  variable  velocity  in  the  line  of  sight  of 
V  Andromedse,  ir*  Orionis,  a-  Gemmorum,  and  i  Argus  ; 
it  is  also  noted  that  4>-  Orionis  has  the  great  radial 
velocity  of  nearly  100  kilometres  per  second. 

It  has  long  been  understood  that  spectroscopic  deter- 
minations of  the  velocities  of  the  components  of  a  binary 
star,  taken  in  conjunction  with  ordinary  telescopic  deter- 
minations of  the  orbit,  would  lead  to  a  very  exact 
knowledge  of  the  parallax  of  such  a  system.  This  method 
of  arriving  at  the  parallax  of  a  star  has  recently  been 
successfully  applied  at  the  Lick  Observatory  to  Delta 
Equulei  (Circular  32),  in  which  case  the  period  is  only 
.5-7  years,  and  the  motion  therefore  relatively  rapid.  At 
the  last  periastron  passage,  aijout  the  middle  of  1902,  the 
relative  velocity  of  the  two  components  in  the  line  of  sight 
was  found  to  be  20'.5  miles  per  second,  and  the  resulting 
value  of  the  parallax  is  0"071.  From  this  it  results  that 
the  total  mass  is  189  times  the  sun's  mass,  and  as  tlie 
magnitudes  are  slightly  unequal,  the  mass  of  the  lirighter 
star  probably  does  not  differ  much  from  that  of  the  sun. 
At  periastron  the  distance  of  the  components  is  about  two 
astronomical  units,  and  at  apastrou  five  of  these  units, 
the  orbit  being  verv  eccentric.  It  is  interesting  to'  note 
further  that,  broadly  speaking,  the  spectra  of  the  stars 
are  of  the  solar  type. 

It  is  intei'esting  to  learn  that  Nova  Geminorum  would 
not  have  escaped  record  even  if  it  had  not  been  discovered 
l)y  Prof.  Turner  during  its  brighter  stages.  The  nearly 
continuous  photographs  of  the  heavens  made  at  the 
Harvard  College  Observatory  indicate  that  while  there 
was  no  star  as  bright  as  9th  magnitude  in  the  positicm  of 
the  Nova  on  March  3rd,  the  Nova  was  about  mag.  5  on 
March  0th,  after  which  the  brightness  diminished.  On  a 
photograph  taken  on  March  2i)th.  the  spectrum  of  the  star 
is  very  conspicuous,  showing  several  blight  lines,  which 
at  once  distinguish  it  from  ordinary  stars.  By  the  end  of 
March,  transition  to  the  nebular  s[>ectrum  iiad  already 
commenced. — A.  V. 


Botanical. — The  remarkable  Darlilia  which,  until 
recently,  has  been  known  in  Europe  only  from  dried 
sjiecimens,  .seems  likely  in  the  future  to  become  a  familiar 
plant  in  this  couutr}'.  It  is  a  native  of  Central  China, 
whither  a  collector  was  sent  a  few  years  ago  by  Messrs. 
Veitch,  of  London,  for  the  special  |)urpose  of  procuring  its 
seeds.  He  has  succeeded  in  this,  and  has  brought  home 
some  additional  inforuKitiou  as  to  the  peculiarities  and 
distribution  of  tlie  tree.  The  Davldia  is  a  mom>typic 
and  somewhat  anomalous  genus  of  Cornace<T.\  It  reaches 
a  height  of  thirty  feet,  and  is  not  unlike  our  common  lime 
tree  in  foliage.  Its  flowers  are  unattractive,  but  a  striking 
effect  is  produced  by  the  presence  of  a  i>air  of  very  large 
white  bracts  just  below  every  flower  or  flower-head.  The 
mode  of  germination  of  the  seeds  is  noteworthy.  The 
fruits  are  ellipsoid,  about  an  inch  and  a  quarter  long, 
the  outer  layer  pulpy  and  the  endocarp  bony  and  grooved. 
It  is  indeliiscent,  but  after  Iving  several  months  in  the 
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ground  some  pieces  of  the  endocarp  between  the  more 
prominent  ridges  fall  out  like  miniature  shutters,  leaving 
as  many  apertures  as  there  are  cells  and  seeds  in  the  fruit, 
and  through  these  the  radicle  easily  escapes.  The  tips  of 
the  cotyledons  remain  in  the  cavities  of  the  fruit  till  the 
radicle  has  fixed  itself  to  the  soil,  when  they  are  completely 
withdrawn. 

Monsieur  Drake  del  Castillo  has  a  paper  in  a  recent 
number  of  the  Biilletim  du  Museum  d  Histoire  Naiurelle 
(Paris)  on  the  curiou.s  Didiereas,  a  genus  of  spiny  trees 
from  Southern  Madagascar,  which  has  hitherto  not  been 
satisfactorily  assigned  to  any  existing  natural  order.  The 
late  Dr.  H.  Baillon,  who  established  the  genus,  placed  it 
among  the  Sapindaceoe.  Dr.  Radlkofer,  an  eminent 
authority  on  this  family,  did  not  concur  with  Baillon,  but 
thought  that  Bidierea  should  constitute  an  independent 
order  allied  to  Polygonacese  and  Amarautacew.  It 
approaches  the  former  in  its  fruit,  pollen,  and  other 
characters,  and  recalls  the  latter  in  the  structure  of  the 
embryo,  and  in  having  the  anthers  deeply  cleft  at  the  two 
extremities.  It  is  pointed  out,  however,  that  Bidierea 
has  an  anatropoiis  ovule,  whereas  in  Polygonacese  it  is 
orthotropous.  Monsieur  Drake  del  Castillo  has  made  it 
the  type  of  a  new  natural  order,  which  he  has  called 
Didiereacese,  admitting,  also,  another  genus,  Alluaudia, 
which  is  likewise  a  spiny  tree  from  Madagascar. — S.  A.  S. 


Zoological. — According  to  a  very  interesting  and  well 
illustrated  article  in  the  April  number  of  the  National 
Geographic  Magazine  (New  York),  liy  Mr.  G.  H.  Grosvenor, 
the  introduction  of  domesticated  reindeer  from  Siberia  into 
Alaska  has  turned  out  a  thorough  success.  The  Eskimo 
have  proved  themselves  well-fitted  to  keep  and  train  the 
animals ;  and  it  is  hoped  that  in  the  near  future  the 
coimtry  will  have  large  herds  of  these  valuable  ruminants. 
This  will  prevent  the  Eskimo  becoming  a  burden  to  the 
revenues  of  the  United  States,  as  would  otherwise  have 
iuevitalily  been  the  case  owing  to  the  diminution  in  the 
numbers  of  the  whales,  seals,  wabiises,  bears,  &.C.,  which 
formerly  constituted  their  means  of  subsistence.  Mr. 
Grosvenor  graphically  describes  the  difliculties  experienced 
in  getting  the  Chukchis  of  Eastern  Siberia  to  part  with 
their  cherished  reindeer. 

Naturalists  will  be  greatly  interested  in  a  paper  recently 
read  by  R.  J.  Pocock  before  the  Zoological  Society  of 
Loudon  on  the  geographical  distribution  of  the  "trapdoor" 
and  bird-eating  spiders,  in  which  it  is  pointed  out  that  the 
zoological  regions  into  which  the  world  may  be  mapped 
out  from  the  evidence  of  this  gi'ouj^are  j)ractically  identical 
with  those  indicated  by  mammals  and  birds.  The  imjJort- 
ance  of  this  can  scarcely  be  over-estimated.  We  are  glad 
to  see  that  the  author  discards  the  terms  "  Palaearctic  " 
and  ''  Nearctic  "  in  favour  of  "  Holaretie,''  which  embraces 
the  northern  portion  of  both  hemispheres,  and  that  he  also 
recognizes  a  "  Mediterranean  "  and  a  "  Souoran  "  region. 
His  scheme  dili'ers,  however,  from  some  of  those  recently 
proposed  by  the  absence  of  a  "Malagasy'"  region;  and 
now  that  the  lemurs  of  Madagascar  have  been  shown  to  be 
more  closely  allied  to  monkeys  than  was  f onuerly  supposed 
to  be  the  case,  per-haps  the  arguments  for  the  separation 
of  this  island  as  a  distinct  region  may  be  reconsidered. 

The  death  of  Monsieur  P.  du  Chaillu  recalls  the  great 
controversy  which  raged  in  the  early  sixties  over  the 
"  gorilla  question."  If  that  great  and  energetic  explorer 
had  but  been  content  with  the  honour  of  being  the  first  to 
bring  complete  skins  of  the  great  West  African  ape  to 
Europe,  all  would  have  been  well.  He  was  the  discoverer 
of  that  most  remaikable  mammal  the  Po^a ,)iO(/a/e, and  also 


brought  home  the  first  skins  of  that  lovely  antelope  the 
bongo,  which  was  not,  however,  as  he  supposed,  an  alto- 
gether unknown  species  at  the  time. 

It  would  be  difficult  to  overrate  the  importance  of  Dr. 
C.  W.  Andrews'  paper  on  the  evolution  of  the  Proboscidea, 
an  abstract  of  which  appears  in  a  recent  issue  of  tlie 
Proceedings  of  the  Eoyal  Society.  Till  the  discoveries  of 
Messrs  Andrews  and  Beadnell  in  the  Eocene  strata  of 
the  Fayuni  district  of  Egypt,  the  birthplace  and  origin  of 
the  Proboscidea  were  unknown.  Both  are  now  ascertained. 
Nor  is  this  all,  for  Dr.  Andrews  is  able  to  point  out  the 
mode  of  evolution  of  the  trunk  of  the  mastodons  and 
elephants.  In  the  ancestors  of  the  group  the  lower  jaw 
was  short  and  stout  with  a  short  symphysis.  As  the 
animals  increased  in  stature  the  lower  jaw  lengthened,  this 
being  mainly  accomplished  by  the  prolongation  of  the 
symphysis.  In  correlation  with  this  a  short  trunk,  formed 
by  the  upper  lips  and  nose,  was  developed.  Gradually  the 
trunk  increased  in  length,  while  the  symphysis  of  the  lower 
jaw  shortened,  till  the  evolution  culminated  in  the  long 
trunk  and  short  lower  jaw  of  the  modern  elephant.  Pari 
passu  with  this  were  changes  and  modifications  in  the 
dentition,  for  the  details  of  which  our  readers  must  refer 
to  the  original  memoir. 

A  question  as  to  the  preoccupation  and  orthography  of 
zoological  names  is  incidentally  raised  by  Dr.  Trouessart 
in  the  April  number  of  the  Annals  and  Magazine  of  Natural 
History  when  describing  the  West  Indian  musk-rat.  For 
this  rodent  the  Doctor  had  previously  proposed  the  name 
Megalomys.  but  as  he  finds  this  preoccupied  by  Megamys, 
the  new  title  of  Moschomys  is  suggested.  In  this  course 
we  believe  the  author  to  be  f idly  justified.  Many  natu- 
ralists of  the  ]>resent  day — especially  Americans — will  not, 
however,  admit  this,  urging  that  if  a  name  be  ungrammati- 
cally formed  or  misspelt,  it  is  entitled  to  stand  as  distinct 
from  the  oiihodox  name.  The  question  urgently  requires 
settlement  by  an  influential  body  of  naturalists  so  as  to 
ensure  uniformity  of  practice. 


We  are  delighted  to  associate  om-selves  with  the  con- 
gratulations to  our  distinguished  contributor.  Miss  Agnes 
M.  Clerke,  upon  her  election  as  Honorary  Fellow  of  the 
Eoyal  Astronomical  Society,  an  honour  in  which  she  is 
associated  with  Lady  Huggins,  the  wife  of  the  President 
of  the  Eoyal  Society. 


Bvttist)  ©rntti^olosical  Notes. 

Conducted  by  Harry  F.  Witherby,  f.z.s.,  m.b.o.u. 

Gulls  as  Grain  Eaters. — On  April  23th,  on  the  small  island  called 
the  Calf,  that  lies  Just  to  the  south  of  the  Isle  of  Man,  I  noticed  a 
great  number  of  small  piles  of  what  looked  like  chaff  dotted  here  and 
there  about  the  rocks.  On  inspection  these  turned  out  to  consist  of 
the  shredded  outside  of  grains  of  oats,  the  grain  itself  being  repre- 
sented, as  a  rule,  onlv  by  small  fragments.  In  some  cases,  however, 
the  grains  were  there  intact.  In  one  instance  there  was  a  small  pile 
of  debris,  half  oats,  half  fish  bones.  There  is  no  doubt  that  the 
Herring  G-ulls  which  were  there  in  scores  had  been  regaling  heartily  on 
the  oats  recently  sown  intlie  Isle  of  Man.  and  had  ejected,  on  returning 
to  their  nesting  places,  what  they  found  indigestible.  Sometimes 
the  "  chaff"  would  be  immersed  in  a  Hidd  secretion,  having  just  been 
brought  up  by  the  Gulls  circling  above.  We  have  here  a  phenomenon 
similar  to  the  ejection  of  pellets  by  Owls  and  Ilawks,  the  only  difference 
being  that  the  indigestible  shreds  were  floating  in  a  lluid  instead  of 
being  formed  into  a  compact  mass. — F.  W.  HEiiiLKV,  Haileybury. 

Mortality  among  Cormorants,  Shags,  and  Gulls  during  their  First 
Winter. — I  noticed  both  near  Scilly  and  at  tlie  Isle  of  Man  during  last 
April  what  is  certainly  worthy  of  remark,  viz.,  the  very  small  niunber 
of  young  Cormorants  and  Shags  (i.e.,  last  year's  birds)  compared  with 
the  mature  birds.  The  young  Cormorant  is  easily  distinguishable  by 
his  dirty-white  breast,  and  the  young  Shag  by  his  brownish  plumage. 
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very  ditiV'i'ent  from  the  glossy  green  of  tlie  adult  bird.  The  small 
number  of  immature  birds  points  to  an  enormous  death  rate  among 
birds  of  these  species  in  their  first  winter.  Among  Gulls  the  same 
phenomenon  is,  I  believe,  indisputable.  At  the  breeding  places  in 
spring  there  are  mature  birds  in  huge  Hocks,  far  outnumbering  the 
young  birds  which  are  to  be  seen,  e.g.,  in  harbours. — F.  W.  Headlet, 
Haileybury. 

Hoopoe  in  Sampshire. — On  April  2.5th  last,  wliile  taking  a  walk 
in  the  iS^ew  forest,  Mr.  A.  D.  Sapsworth  and  myself  had  the  pleasure 
of  watching  a  Hoopoe.  I  hare  not  seen  the  bird  since,  and  fear  that 
it  has  met  with  the  same  fate  as  most  of  the  Hoopoes  which  yisit  our 
southern  counties  annually.  On  the  same  morning,  I  may  mention, 
in  a  walk  of  some  three  hours  we  identified  i9  species  of  birds. 

The  Arrival  of  Summer  Migrants  for  190o. — The  following  table 
of  arrivals  of  summer  visitors,  compiled  from  various  sources,  may  be 
of  interest.  The  dates  for  first  arrivals  seem  generally  about  the 
same  as  other  years  for  the  southern  counties,  but  the  inclement 
weather  at  the  end  of  March  and  the  beginning  of  April  seems  to 
have  checked,  probably  in  southern  Eurojje,  further  migration,  and  to 
have  stopped  the  birds  from  spreading  northwards  in  England : — 
Sand-Martin       ...  ..     March  23     ...     Ireland,  Wales,  and  West 

of  England. 

r  March  22     ...     Wiltsliire  and  Gloucester. 
House-Martin  .\  shire. 

(.March  27       ..     Norfolk. 
Swallow  .     March  21      ...     Hampshire,      Gloucester- 

shii'e,  and  Ireland; 

/March  12     ...     Berkshire. 

)  March  16     ...     Oxford. 

1  March  24     , , .     Southern      and     western 

C  counties. 

C  ilarch  18        .     Hampshire. 
WUcateai'  ...^  March  24        .     Southern      and      western 

(.  counties. 

T,    T  .     ,  (March  21      ...     Hampshire. 

^''''^'^'•^ 1  April    21     ...     Wales. 

Whinchat  ..  ..     March  20     ...     Shropshire. 

Blackcap...  ...  ..     April      5     ...     Devonshire. 

Y  II     -W     t  '1  C  J  larch  23     ...     Nottinghamshire. 

'' '      "  "  ^  April       8     ...     Gloucestershii-e. 

/March  31     ...     Essex. 

)  April       7        .     Wiltshire. 
■"  1  April    10     .  .     Hampshire. 

(.AprQ    12     ...     Suffolk. 

r  April     10        .     Kent. 
Cu('koo     ...  .  ..<  April     18        .     Essex. 

(.  April     20  Hampshire. 

,,,        T>-    i  (April     17     ...     Surrev  and  Staffordsliirc. 

IreeP.pit  ...  \^  ^^^.^^     go     ...     Wales. 

Grasshopper  Warbler  April  21  ,  .  Wales. 

T           ix'i  ■*-  i.1        i.  (■  April  22  ...  Wales. 

I-"^'"' ^^ '"*''*'""°"*  Upril  29  .  Hampshire. 

Swift        ...          ...  ..     May  .5  ...  Hampshire. 

Wrvneck  f  '^P"^       ^       ••      Hampshire. 

''^^V^^'^^ \  April     12     ...     Kent. 

Willow  Wren -^  f  P"}    i^       '     Hampsliire. 

t  April     2t>     ...     Kent. 

Early  Nesling  of  Birds  in  1903. — The  following  records  of  a  few 
early   nes(s  may  be  of  interest.      The   Niglitingale's   nest  is  eitra- 
ordinary,  but  I  have  it  on  good  authority. 
Nightingale  April  18      3  eggs  Surrey 

(A.  D.  Sapsworth) 

Song  Thrush  March  G     Fledged  young       Kent  (J.  F.  Green) 

Feb.  20      Eggs  Kent  (J.  F.  Green) 

Robin  March  7     Eggs  Kent  (J.  F.  Green) 

Haitford  Warbler     April  20     Feathered  young   Hampshire 

in  nest   "  (H.  F.  W.) 

Comhalire  Oreen  Woodpeckers. — One  often  sees  in  the  early  spring 
two  male  Green  Woodpeckers  engaged  in  a  sort  of  mock  combat  over 
a  female.  In  the  Fiehl  for  April  IStli  (p.  G.54),  however,  a  deadly 
duel,  which  was  witnessed  by  "  J.  E.  S,"  is  described.  He  saw  two 
birds  lighting  in  the  middle  of  .a  ]iath.  On  liis  approaching,  one  of 
tlie  birds  (a  Green  Woodpecker)  tlew  away ,  w  liile  the  other  bird  "  lay 
struggling  on  the  path,  severely  injured,  blood  llowin;;  copiously  from 
its  neck,  and  in  a  few  moments  it  died."  The  dead  bird  was  a  male, 
and  its  neck  was  fearfully  lacerated,  while  its  tail  and  other  feathers 
were  pulled  out. 

All  contribuUoiu  to  the  column,  either  in  the  way  of  not£s 
or  photoyraplis,  should  be  forwarded  to  Harry  F.  Witherby, 
at  the  Office  o/ Knowleuoe,  32ti,  Hi(jh  Holborn,  London. 
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"Spirals  in  Nature  and  Art.'  By  T.  A.  Cook,  with  a 
Preface  by  Prof.  E.  Ray  Lankester,  v.n.s.  Pp.  xxi.  and  20i  K 
(TMurray.)  Illustrated.  7s.  6d.  net. — At  Blois  there  is  a  stair- 
case of  peculiar  form  which  there  is  reason  to  believe  was  con- 
structed between  1.515  and  1520  by  a  friend  of  Frangois  I.  The 
name  of  the  architect  has  hitherto  been  unknown,  but  3Ir. 
Cook  gives  good  reason  for  believing  that  the  only  man  who 
could  have  designed  the  staircase  was  "  Leonardo  da  Vinci,  that 
great  Italian  artist,  mathematician,  .scientist  and  engineer,  who 
died  in  exile  within  a  few  mUes  of  this  very  staircase  a  year  or 
two  after  it  had  been  begun."  The  spiral  of  the  staircase 
appears  to  be  the  same  as  that  seen  in  a  section  of  the  rare  form 
of  the  shell  Vohtia  i^e.i/ierlilio,  in  which  the  helix  follows  a  left- 
handed  instead  of  the  ordinary  right-handed  curve.  Leonardo 
would  certainly  have  known  of  this  natural  spiral  ;  moreover, 
he  was  left-handed,  and  ninety  per  cent,  of  the  screws  and  spirals 
contained  in  bis  manuscripts  are  left-banded  spirals.  These  and 
other  facts  go  to  establish  Mr.  Cook's  thesis,  and  whatever  may 
be  the  ultimate  judgment  upon  the  evidence  brought  forward, 
there  is  no  doubt  that  he  has  produced  a  most  interesting  book 
which  should  direct  attention  to  the  work  of  one  of  the  greatest 
intellects  which  the  world  has  seen.  It  is  perhaps  worth 
remark  that  botanists  regard  the  direction  in  which  twining 
plants  climb  from  above  and  not  from  below.  The  hop  and 
honeysuckle  thus  climb  in  right-handed  spirals,  and  the  con- 
volvulus in  a  left-handed  fashion,  but  Mr.  Cook,  though  familiar 
with  these  habits,  refers  to  the  two  former  plants  as  twining  to 
the  left,  and  the  latter  as  exhibiting  a  right-handed  direction. 
There  are  two  ways  of  looking  at  most  things,  and  this  is  verj' 
true  in  connection  with  directions  of  spirals. 

"  Papers  ox  Mechaxicaf.  axd  PHYsiCAr,  Subjects."  Vol.  III. 
"  The  Sui!-Mecuaxics  or  the  Universe."  By  Prof.  Osborne 
Reynolds,  f.r.s.  Pp.  xvii.  and  251.  (Cambridge  :  L^niversity 
Press.) — An  outline  of  Prof.  Reynolds'  new  theory  of  the 
universe  was  given  by  him  in  his  Rede  Lecture,  already  noticed 
in  these  columns.  The  present  volume  contains  the  detailed 
mathematical  analysis  by  which  the  ability  of  the  theory  to 
account  for  fundamental  physical  properties  is  demonstrated. 
The  paper  which  makes  up  the  volume  was  read  before  the 
Royal  Society  in  February,  l'J02,  and  has  been  accepted  by  the 
scientific  world  as  a  contribution  of  great  significance.  For 
many  years,  the  ether — a  non-atomic  continuous  medium  per- 
vading the  universe — has  been  called  into  being  to  explain 
action  at  a  distance.  Prof.  Reynolds  revolutionises  this  idea,  and 
substitutes  for  the  ether  a  granular  medium  having  dimensions 
and  properties  which  he  shows  are  sufficient  to  satisfy  the 
demands  made  upon  physical  theory.  In  his  words  this 
mechanical  system  "  is  neither  more  nor  less  than  an  arrange- 
ment, of  indefinite  extent,  of  uniform  spherical  grains  generally 
in  normal  piling  so  close  that  the  grains  cannot  change  their 
neighbours,  although  continually  in  relative  motion  with  each 
other;  the  grains  being  of  changeless  shape  and  size  :  thus  con- 
stituting, to  a  first  approximation,  an  elastic  medium  with  sis 
axes  of  elasticity  sj'mmetrically  placed."  Such  an  arrangement 
as  this  possesses  very  remarkable  properties,  and  the  dilatation 
which  follows  from  strains  caused  by  local  inequalities  in  the 
density  of  the  medium  completely  accounts  for  poteutial  energy, 
the  propagation  of  transverse  waves  of  light,  gravitation,  and 
related  facts.  Prof.  Reynolds  has  developed  a  theorj"  which 
will  make  men  of  science  associate  his  name  with  those  of 
Newton  and  llaxwell.  He  has  loug  been  recognised  as  a 
versatile  genius,  and  his  latest  contribution  to  science  can 
justly  be  described  as  epoch-making. 

"  Comets  ani>  tiikiu  Tails  axd  the  Gegexscuein  Light.'' 
By  Frederick  G.  Shaw,  f.o.s.,  &c.  (Bailliere,  Tindall  I'i  Cox. 
r.tOH.)  2s.  Od. — This  nicely  printed  little  volume,  illustrated 
with  several  views  of  Donati's  comet  and  its  orbital  jiositions 
when  near  the  sun,-  contains  an  attempt  to  explain  comets'  tails 
by  the  passage  of  the  solar  rays  ''  through  the  gaseous  atmosphere 
surrounding  the  nucleus  of  a  comet,  and  thus  rendered  more 
vigorous  and  more  capable  of  being  reflected  from  the  meteoric 
bodies,  dust,  etc.,  existing  or  moving  through  space  or  from  the 
sun's  atmosphere,  if  such  a  matter  exists,  in  the  vicinity  of  the 
comet.''  This  practically  constitutes  a  revival  of  the  old  view 
held  by  Tycho  Braho  and  others.  The  author  does  not  appear 
to  have  made  out  a  strong  case.     The  peculiar  forms  displayed 
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by  certain  comets,  the  immense  extent  and  curvature  of  some 
of  their  tails,  and  other  facts  appear  to  be  decidedly  opposed  to 
Mr.  Shaw's  conclusions.  Undoubtedly  there  are  shoals  of 
meteoric  bodies  circulating  in  planetary  space,  and  it  is  probable 
that  they  are  crowded  in  circumsolar  regions,  but  it  is  very 
hard  to  believe  that  they  could  be  rendered  so  strikingly  visible 
over  vast  regions  by  the  simple  effects  of  refraction  exercised 
by  the  heads  of  comets.  It  seems  much  more  plausible  to  believe 
that  the  tail  is  horn  in  a  comet,  and  due  to  the  emission  of 
luminous  material  from  the  nucleus  under  solar  action.  On 
page  6  the  author  says,  "  the  tail  of  a  comet  is  invariably 
pointed — if  one  may  use  that  expression^n  the  opposite 
direction  to  the  sun,"  but  this  is  not  always  accordant  with 
observation.  In  certain  cases  comets  have  displayed  two  tails 
(those  of  1823  and  1851  furnished  examples),  one  of  which  was 
directed  toirarda  the  sun.  Mr.  Shaw  also  alludes  to  the  ttegen- 
Bchein  in  his  book,  .and  attributes  this  appearance  to  the  action 
of  our  atmosphere  in  "  focussing  the  refracted  rays  of  sunlight 
passing  through  it."  It  seems  more  probable,  however,  that 
the  phenomenon  is  due  to  the  reflected  light  of  an  assemblage 
of  meteorites  in  the  region  opposite  to  the  sun.  We  have  noticed 
several  errors  in  the  book,  thus,  on  page  1  y  we  read,  "  the  comet 
of  1774  is  recorded  to  have  had  six  tails."  AVe  suppose  the 
comet  of  1744  is  referred  to  here.  On  page  27,  Donati's  comet 
is  stated  to  have  been  "  discovered  by  H.  P.  Tuttle  on  June  2, 
1858."  ! 

"  The  Bdrlixgton  Mao.\zine."  Edited  by  Eobert  Dell. 
(The  Savile  Publishing  Co.)  2s.  Gd. — Whatever  of  reproach 
that  has  hitherto  attached  to  England  for  the  lack  of  a  really 
artistic  art  magazine,  can  no  longer  remain  an  imputation  upon 
our  seriousness  in  art  after  the  appearance  of  the  Btirliniitnn 
Mafm'ine,  and  for  this  reason  alone  we  wish  it  success.  But 
it  has  stronger  claims  to  our  support.  Luxurious  in  margin,  its 
text  is  enshrined  in  a  large  clear  tj'pe,  while  it  is  actually 
printed  on  pa])er,  j)aper  that  is,  if  we  mistake  not.  quite  innocent 
alike  of  the  grass  crop  or  the  timber  yard.  As  is  fitting  in  such 
a  work,  it  is  in  all  respects  a  triumph  of  the  typographic  arts, 
while  it  excels  in  the  finer  and -more  difBcult  task  of  pictorial 
reproduction.  Quite  lavishly  illustrated,  but  never  cheaply,  we 
have  nothing  but  praise  to  bestow  upon  the  many  beautiful 
plates  to  be  found  in  the  work.  The  editor  has  written  an 
admirable  editorial  article  descriptive  of  the  project,  with  the 
sentiment  of  which  we  entirely  concur,  and  in  all  earnestness 
we  offer  our  new  contemporary  a  right  royal  welcome. 

A  selection  of  Sir.  Lydekker's  zoological  and  other  articles 
from  Knowi.edgk  is  about  to  be  re-issued  by  Messrs. 
Hutchinson  under  the  title  of  "  Mostly  Mammals." 
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THE  MOVEMENTS  OF  THE  MACKEREL. 

Bv  L.  N.  Badenoch. 

It  is  remarkable  how  little  is  really  known  of  the  life- 
histories  of  the  marine  food  fishes.  In  the  case  of  every 
other  large  food  industry  much  time  and  thought  has  been 
expended  from  earliest  times  upon  the  laws  governing  the 
existence  and  increase  of  the  objects  composing  the  suj^plies. 
But  fish,  until  lately,  we  were  content  merely  to  capture, 
quite  regardless  of  their  Ijirth  and  habits.  Endeavours  to 
obtain  information  from  fisherfolk  and  others  who  are 
continually  in  contact  with  fish  have  not  proved  altogether 
satisfactory,  and  it  was  seen  that,  before  the  industry  could 
be  brought  into  line  with  other  industries,  the  matter 
must  be  taken  in  hand  in  a  systematic  and  comprehensive 
manner.  With  this  aim  in  view  special  investigations  for 
the  purpose  of  elucidating  the  various  problems  presented 
are  now  being  made  on  lioth  sides  of  the  Atlantic.  None 
are  more  interesting  than  the  series  of  researches  into 
the  natural  history  of  the  mackerel,  which  have  been 
recently  undertaken  at  the  request  of  H.M.  Treasury. 
This  important  species,  with  its  movements,  is  one  of 
the  most  diificult  of  all  the  commercial  fishes  to  study  or 
to  comprehend. 

Seeing  it  is  a  pelagic  fish,  and  has  a  freely  floating  egg, 
one  might  be  led,  with  some  reason,  to  suppose  that  it 
would  thereby  be  enabled  to  spend  its  whole  life  without 
approaching  the  land.  Fortunately  for  man,  every  season, 
during  the  warmer  portion  of  the  year,  it  leaves  the  open 
sea  and  migrates  towards  the  shore,  when  its  presence 
becomes  apparent  through  its  surface  distribution,  the 
only  period  when  it  can  be  fished  for.  It  frequents  the 
coastal  waters  in  the  northern  temperate  region  of  the 
Atlantic.  On  the  Atlantic  coast  of  Europe  it  extends  from 
Bergen,  in  Norway,  southward  to  the  Straits  of  Gibraltar ; 
and  throughout  the  Mediterranean  it  also  occurs,  being 
taken  in  large  quantities  on  the  coast  of  Spain,  the  south 
coast  of  France,  the  coasts  of  Corsica,  and  in  the  Adriatic. 
Koimd  the  British  coasts,  the  four  principal  regions  for 
the  fisheries  are  the  North  Sea  to  Norfolk,  the  Channel, 
and  the  south  and  west  coasts  of  Ireland. 

Along  with,  and  contemporaneous  with  the  migration, 
is  the  massing  together  of  individuals  into  the  well-known 
so-called  "  schools,"  or  shoals.  In  this  way.  they  swim 
crowded  together  during,  at  any  i-ate,  a  great  part  of  tlie 
year,  and  the  shoals  often  contain  an  immense  number  of 
fish.  Those  pertaining  to  any  particular  shoal  are  usually 
of  about  the  same  size.  Schools  of  large  fish  and  schools 
of  small  fish  may  be  present  in  the  same  neighbourhood  at 
the  same  time,  but   schools  of  different  <\7.f>\  fi^^h  do  not 
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appear  to  intermiugle.  Similarity  in  size  has  also  been 
observed  to  l)e  usual  in  the  shoals  oE  grey  mullet.  It  is, 
iu  fact,  not  well  ascertained  whether  these  mackerel 
schools  are  formed  by  chauce  assueiation,  or  are  due  to  the 
selective  association  of  fish,  having  some  characteristic  in 
common.  Such  evidence  as  is  to  hand  in  the  case  of  other 
fishes,  in  that  of  the  grey  mullet,  for  instance,  points  to 
the  conclusion  that  the  principle  of  selective  association 
j>lays  a  considei-able  jjart  in  the  formation  of  shoals,  and 
tliat  similarity  of  size  is  one  of  the  points  selected. 

As  to  the  manner  in  which  mackerel  keep  together  in 
shoals  little  is  known.  Grrey  mullet  probably  follow  each 
other  by  sight  The  shoal  seems  to  have  no  definite 
leader,  but  follows  any  individual  that  makes  a  dart  in  a 
particular  direction.  At  night  they  lie  on  the  surface  of 
the  water,  their  heads  not  all  pointing  one  way,  as  they 
generally  do  by  day,  and  they  do  not  move  as  a  shoal.  It 
may  be  doubted  whether  other  shoal  fishes,  as  pilchards, 
habitually  travel  about  as  a  shoal  at  night.  The  iridescent 
colouring  of  many  fishes  may  assist  them  in  keeping 
together  in  shoals. 

The  migrations  of  these  shoaling  mackerel  have  long 
lieeu  a  suliject  of  speculation  among  naturalists,  and 
though  much  is  known  that  was  formerly  obscure,  it  is  a 
subject,  in  its  various  aspects,  that  presents  peculiar 
difficvilties  to  arriving  at  certain  or  definite  information. 
It  is  not  long  since  the  value  of  statistics  showing  the 
quantities  of  the  fish  landed  at  various  ports  at  different 
times  of  the  year  has  been  recognised,  and  from  these, 
English  and  foreign,  a  number  of  tables  have  been  con- 
structed which  give  an  insight  into  the  distribution  of  the 
mackerel  on  the  coasts  in  question  during  the  different 
nK>nths  of  the  year.  Of  this  seasonal  distribution  as  a 
whole  it  may  be  premised  that,  while  the  same  general 
systematic  movements  can  be  observed,  considerable 
variation  takeg  place  from  year  to  year  as  to  the  exact 
date  of  the  appearance  of  the  shoals  in  a  particular  locality. 

During  the  first  two  mouths  of  the  year  few  mackerel 
are  taken  in  any  locality,  the  cold  period  being  presumably 
the  time  when  the  fish  are  farthest  from  the  coast.  The 
few  caught  are  chiefly  found  in  the  western  part  of  the 
English  Channel — at  a  distance  of  thirty  to  forty  miles  out 
at  sea,  south  of  Start  Point  and  south  of  Plymouth — off 
the  south-west  coast  of  Ireland,  off  the  west  of  France, 
and  iu  small  numbers  in  the  Grulf  of  Marseille.  Often 
during  the  greater  part  of  March  the  conditions  of 
February  do  uot.  materially  alter.  Throughout  that  month, 
ami  in  April,  the  mackerel  in  the  English  Channel  continue 
a  long  way  off-shore,  becoming,  however,  more  abiuidaut. 
Towards  the  end  of  March,  or  early  in  April,  generally 
speaking,  large  schools  approach  the  south-west  coasts  of 
Ireland  and  the  west  coast  of  France, and  the  great  si)ring 
mackerel  fishery  commences.  At  about  the  same  time 
mackerel  fishing  l)egins  in  the  Mediterranean  In  the 
eastern  portion  of  the  English  Channel  mackerel  are  not 
yet  (April)  taken  in  numbers,  unless  in  exceptional  years : 
at  Dieppe  souk;  are  taken  in  April. 

The  sjiring  mackerel  fishing  rciichcs  its  height  in  May. 
and  continues  into  June,  becoming  considerably  less 
pi-oductive  towards  the  end  of  that  montli.  In  the 
Mediterranean,  on  the  west  coast  of  Fram-e,  on  t  he  south- 
west of  Ireland,  and  in  the  western  portion  of  tlie  English 
Channel,  during  both  May  and  June,  the  fish  draw  close 
inshore  in  great  al)undance,  the  fishing  in  all  these  districts 
attaining  its  maxinuuu  iu  May.  In  the  eastern  part  of 
the  English  Channel,  c.;/.,  St.  Varloy-sur-Somme,  tlie  fish 
are  seldom  ])lentifnl  before  Jiuie;  in  the  southern  part  of 
the  North  Sea  a  small  fishery  on  thi>  Danish  coast  begins 
in  May  ;  but  at  the  English  North  Se;i  ports  practically  no 
mackerel  are  lauded  until  June,  and  then  thev  do  uot,  in 


any  measure,  approach  the  numbers  taken  later  in  the 
year.  Large  shoals  appear  on  the  southern  Noi'wegian 
coast,  ahmg  the  Swedish  coast,  and  in  the  Kattegat, 
towards  the  end  of  May,  and  the  principal  fishery  on  these 
coasts  is  at  its  height  in  .lune. 

At  all  the  large  fi.shing  centres,  as  a  general  rule,  a 
season  of  scarcity  exists  during  July  and  August,  between 
the  great  spring  and  autumn  fisheries.  Of  this  season  on 
the  south  and  west  coasts  of  Ireland  one  of  the  inspectors 
says,  there  is  a  sharply-defined  interval  "  l>etween  the  two 
visitations  of  fish."  It  is  true  that  at  this  time  of  the  year 
mackerel  in  large  numbers  enter  Plymouth  Sound  and  in- 
shore waters,  where  they  are  taken  by  whiffing  lines  and 
with  the  seine ;  but  the  mackerel  appear  to  be  scattered, 
and  drift-net  fishing  is  practically  suspended.  In  Norway 
the  summer  fishing  practically  ceases  about  the  middle  of 
July.  In  the  Mediterranean,  at  Cette,  and  at  the  majority 
of  "the  ports,  the  great  fishing  is  over  iu  June,  but  to  this 
Marseilles  is  an  exception,  the  fish  being  generally  plentiful 
until  September. 

Septemlier  and  October  are  the  season  of  the  great 
autumn  fisheries.  Immense  schools  visit  the  west  coast  of 
France  and  the  south-west  of  Ireland,  the  quantities 
landed  in  some  years  equalling  those  of  the  spring 
fishery — a  remark,  perhaps,  applying  more  strictly  to 
Ireland.  But  as  regards  the  west  coast  of  England, 
practically  an  autumn  fishery  does  not  exist,  and  although 
on  the  south  coast  in  most  years  the  numbers  landed 
increase  in  September  as  compared  with  August,  they  are 
by  no  means  large,  and  show  a  decided  falling  off  in 
October.  After  the  beginning  of  September  the  mackerel 
leave  Plymouth  Sound,  and  are  then  caught  in  open  water 
a  few  miles  south  of  Eddystone  Light,  and  south  of  Start 
Point.  On  the  other  hand,  in  the  eastern  ]3art  of  tlie 
English  Channel,  and  in  the  southern  part  of  the  North 
Sea — at  the  east  ports  of  England  and  Graveliues — the 
most  valualde  fishery  of  the  year  is  carried  on  at  this  time. 
During  the  last  two  mouths  of  the  year,  as  during  the 
first  two  months,  mackerel  fishing  may  be  said  to  be 
closed  on  all  the  European  coasts,  though  a  few  fish  are 
still  caught  south  of  Start  Point  and  the  Eddystone,  in 
the  English  Channel,  and  elsewhere. 

The  causes  which  bring  about  these  periodic  migrations 
are  not  by  any  means  well  understood.  Study  of  the 
physical  and  biological  conditions  prevailing  at  different 
seasons  of  the  year  in  the  waters  in  which  the  shoals  swim 
is  being  now  undertaken,  in  order  to  throw  light  upon 
this  important  jjoint.  Thei'e  can  lie  little  doubt  that  the 
temperature  of  the  sea-water  may  be  looked  upon  as  one 
of  the  most  important  influenc»!s  which  determine — which 
may  retard  or  accelerate — the  inovements  of  the  fish ; 
though  Some  have  sup]iosed  the  influence  to  be  an  indirect 
one,  by  cU'tenniuing  the  presence  or  absence  of  the  organisms 
which  ciinstitute  the  mackerel's  food  in  the  several  locali- 
ties. When  the  fish  first  visit  the  coast  iu  spring  and  early 
summer  it  is  chiefly  in  order  to  spawn,  and,  plainly,  tlie 
demands  made  by  the  needs  of  the  young  aiv  met  by 
proximity  to  the  land,  where  the  smaller  organisms  of  the 
])lanktou  abound,  besides  all  the  numerous  larval  forms  of 
the  creatures  whose  home  is  the  coastal  waters.  During 
the  latter  part  of  sununer,  and  in  the  autumn,  however, 
when  the  mackerel  are  in  the  inshore  waters,  small  fish  of 
other  species  become  abundant,  which  then  furnish  the 
mackerel  with  a  generous  food  sup[>ly.  On  their  first 
coming  to  the  coast  to  spawn  they  are  not  readily  taken 
with  bait,  l^ecause  at  this  ]ieriod  they  take  less  food, 
es]iecially  the  females,  which  for  a  time  indeed  cease  to 
fetnl.  Thus,  we  may  roughly  term  the  first  migration  the 
■'sjiawiiing  inigr.itiou  "  :  the  approach  to  the  coast  in  the 
summer  and  autumn  is  a  "  feeding  migration." 


138 


KNOWLEDGE 


rJuNE.  1903. 


Where  do  the  mackerel  go  when  they  depart  from  the 
shore?  Where  are  their  winter  (juartcVs  ?  One  of  the 
most  generally  acceiitod  tlicories  in  (lie  jKist.  that  they 
hibernate  at  the  liottoui  of  the  sea  m  the  ueighhourhood 
of  their  summer  haunts,  was  rightly  condemned  by  some 
naturalists.  Nor  was  an  alternative"  suggestion,  that  they 
reti-eated  to  more  southerly  regions  where  they  would  find 
a  favourable  sea-temi)erature,  and  continued  to  live  as 
during  spring  and  autumn,  near  the  surface,  but  in  the 
ojten  ocean,  likely  to  be  correct. 

The  conclusions  that  of  late  Mr.  Garstaug  has  come  to 
])rofoundly  modify  the  views  which  have  hitherto  prevailed 
conceruiug  the  extent,  of  tlie  niigratious  of  this  fisb.  He 
has  clearly  shown  that  the  mackerel  of  the  American  and 
European  coasts  constitute  two  distinct  varieties  or  races, 
possessed  of  differing  characteristics,  and  also  that  there 
exist  certain  minor  differences  which  ajjpear  to  subdivide 
tlie  mackerel  frequenting  the  British  i-oasts  into  two  prin- 
cipal races,  an  Irish  race,  and  tlmso  mluibitiug  the  English 
Channel  and  North  Sea. 

This  establishment  of  geographical  or  local  races  settles 
the  dispute  as  to  the  length  of  the  mackerel's  migrations. 
The  mackerel,  Mr.  Garstang  points  out,  cannot  cross  the 
Atlantic ;  the  ])ronounced  difference  exhibited  between 
American  and  European  fish  proves  that  no  mixtui-e  now 
takes  place  between  the  two  races.  Moreover,  the  differ- 
ence revealed  between  the  two  principal  British  groups, 
the  Irish  and  Channel  fish,  indicates  that  the  mackerel  of 
these  regions  do  not  travel  far.  Each  race  must  have  its 
own  winter  habitat,  and  this  at  no  great  distance  from  its 
summer  haunts.  In  fact,  the  migrations,  for  the  most 
part,  resolve  themselves  into  migrations  from  deeper  to 
sliallow  layers  of  sea  in  the  same  localities.  There  is  one 
exception,  in  the  North  Sea  fish.  The  identity  of  the 
mackerel  of  the  North  Sea  and  English  Channel— areas 
geographically  contiguous — renders  it  certain  that  the 
theory  is  correct  that  the  North  Sea  fish  migrate  from  the 
English  Channel  in  the  spring,  and  return  to  it  in  the 
autumn.  We  have  seen  that  while  mackerel  are  in  the 
western  part  of  the  Channel  m  March,  few  are  taken  in  its 
eastern  portion,  or  in  the  southern  part  of  the  North  Sea 
before  the  end  of  May  or  in  June.  The  important  autumn 
fishery  of  these  places,  on  the  other  hand,  seems  due  to 
the  movement  of  the  fish  on  their  journey  back  towards 
and  through  the  English  Channel.  It  may  be  that  the 
early  catches  made  off  the  south  coast  of  England  in 
December,  January,  and  February,  are  the  last  of  the 
autumn  fish  of  the  previous  season  moving  down  Channel 
on  their  emigration  from  the  North  Sea.  That  the  first 
fish  are  caught  to  the  eastward  of  Plymouth,  subsequently 
travelling  in  a  westward  direction,  to  a  few  miles  south- 
west of  Eddystone  Light,  lends  confirmation  to  this 
idea.  This  fact  may  also  be  considered  in  this  connection, 
that  hi  the  Channel  and  North  Sea  the  autumn  fish  appear 
to  be  slightly  larger  than  the  spring  fish,  and  woidd  seem 
to  be  the  same  fish  at  a  more  advanced  stage  of  growth. 

Doubtless  the  depth  and  extent  to  which  the  mackerel 
retire  from  the  shore  rests  with  the  severitv  of  the  winter 
months.  A  series  of  expeditions  for  the  purpose  of 
investigating  the  seasonal  changes  -oi  temperature  and 
other  conditions  of  the  waters  at  the  mouth  of  the  English 
Channel  have  been  lately  accomplished,  and  the  large 
quantity  of  material  collected  on  the  different  vovages  is 
receiving  attention.  If  the  expectations  of  the  results  of 
these  observations  be  realised,  a  scientist  will  be  al)le, 
having  an  adequately  equipped  vessel,  to  ascertain  the 
most  probable  whereabouts  of  the  schools  of  mackerel  bv 
his  examination  of  the  condition  of  the  water  at  any  given 
time.  Such  a  result  would  revolutionize  the  state  of  the 
fishery  industry,  as  from  it  would  naturally  follow  the 


introduction  of  methods  of  fishing  based  on  accurate 
scientific  knowledge,  in  lieu  of  the  unsatisfactory  empirical 
ways  still  loved  of  fishermen  in  the  present. 


THE    STRUGGLE    FOR    EXISTENCE    IN 
SOCIOLOGY. 

Bv      J.      C^>LL1EK. 


It  may  seem  strange  that  two  men  of  gentle  disposition 
and  benevolent  character,  like  Darwin  and  Wallace,  should 
have  originated  the  conception  of  a  universal,  perpetual, 
and  relentless  warfare  as  being  waged  among  all  genera, 
all  species,  all  varieties,  and  all  individuals.  They  can 
have  had  little  notion  of  the  way  it  would  be  taken  up,  or 
the  extravagant  lengths  to  which  it  would  lie  carried. 
German  and  French  anthropologists  have  raised  a  paean  to 
war.  The  old  wars  between  peoples  will  give  place  to  far 
more' destructive  wars  between  races.  The  blonde,  long- 
headed race  that  has  hitherto  led  the  advance  of  mankind 
dreads  impending  defeat  at  the  hands  of  the  dark,  broad- 
headed  races  that  have  long  been  hewers  of  wOod  and 
drawers  of  water.  All  previous  battles  will  have  been  a 
sport  to  the  great  battle  of  Armageddon  that  the  new 
century  may  witness.  "Men  will  be  killed  by  the  million," 
Herr  Gumplowicz  prophesies,  "for  one  or  two  degrees  more 
or  less  in  the  cephalic  index."  The  French  anthropologists 
take  up  the  running,  and  play  the  game  of  Germany. 
The  progress  of  humanity,  M.  de  Lapouge  announces  in 
strident  accents,  requires  the  extinction,  by  force  or  famine, 
of  the  backward  and  pacific  races.  In  the  twentieth 
century  "  the  last  sentimentalists  will  look  on  at  copious 
exterminations  of  peoples."  The  civilizations  of  Europe, 
if  Dr.  Gustave  le  Bon  is  right,  will  end,  as  they  began, 
with  social  convulsions. 

Our  own  savants  are  less  sanguinary,  but  have  equally 
perverted  the  science  it  was  their  business  to  expound. 
Mr.  Herbert  Spencer  relates  that  in  the  early  fifties,  when 
he  and  Huxley  (sometimes  accompanied  by  Buckle)  walked 
together  on  Sunday  mornings,  the  rising  naturalist  as 
strenuously  opposed  as  he  afterwards  supported  the  evolu- 
tion of  species.  Unlike  Spencer,  he  "  did  not  allow  his 
imagination  to  outrun  the  facts."  He  never  became  a 
true  Darwinian.  He  thoroughly  grasped  the  doctrine  of 
development,  and  aided  in  establishing  it  on  two  distinct 
lines  But  he  never  took  kindly  to  the  characteristic 
Darwinian  hy]3othesis— the  theory  of  natural  selection. 
Very  late  in  life,  he  did  realise  that  other  Darwinian 
conception  of  the  struggle  for  existence,  and  this  time  he 
allowed  his  imagination  to  outrun  the  facts.  In  his  last 
years,  while  his  pugnacity  discovered  everywhere  in  nature 
traces  of  conflict,  his  hypochondria  universalised  the  signs 
of  consequent  suffering.  Others  have  imagined  a  pitiless 
series  of  pitched  battles,  or  an  incessant  warfare  as 
jirevaiUng  in  the  ancient  world. 

Not  only  are  all  such  views  exaggerations,  as  Wallace 
calls  them  ;  they  disclose  a  total  misapprehension  of  the 
facts.  The  words  used  to  name  these  facts  are  in  good 
part  answerable  for  the  perversion.  An  eminent  Bussiaii 
sociologist,  Mr.  James  Novikotf,  has  written  a  book,* 
saturated  with  Darwinian  conceptions  rightly  understood 
and  generously  applied,  and  yet  pervaded  by  the  same 
jirepossession  of  an  omnipresent  battle.  W.  Eoux  and 
K.  MetehniUoff  describe  the  battle  for  existence  between 
tlie  iliifercut  i>arts  of  the  organism.  La  tutte,  der  Kampf; 
battle,  war,  aud  even  "  the  struggle  for  existence  "   seetn 

*  "  La  Lutte  entre  .Societ^s  humalnes."  Par  J.  Novicow.  (Paris  : 
Alcan,   1896.) 
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to  eri-  by  diffusing  over  the  whole  the  accidental  com- 
plexion of  a  part.  War  in  all  its  phases  is  a  pathological 
phenomenon  like  a  surgical  operation,  a  collision  at  sea, 
or  an  explosion  in  a  chemical  works.  Ninety-nine  hun- 
dredths of  the  normal  processes  of  nature  arc  of  a  wholly 
different  character.  The  myriad  dance  of  the  atoms, 
molecular  cohesion,  attraction  of  gravity,  chemical  affinity, 
biological  assimilation,  and  sociological  union  are 
different  forms  of  the  same  fact.  War  consists  in  the 
comparatively  rare  collisions  that  mark  the  passage  to 
these  ends  ;  the  real  struggle  consists  in  the  effort  made 
by  individuals  or  societies  to  overcome  obstacles,  to  put 
forth  all  their  powers,  to  shape  new  products,  to  realise 
themselves.  Conflict  with  others  is  a  mere  incident  of 
the  real  battle.  War  is  not  the  type  of  social  effort ;  it  is 
the  action  of  society  iu  a  state  of  disease. 
Its  Chabactees. 

Count  Gaston  de  Saporta  has  desci-ibed  the  gradual 
transformation  of  vegetal  species  in  prehistoric  Provence. 
A  single  or  a  few  individuals  of  a  new  species  or  variety 
appear  in  a  given  area.  They  may  be  immigrants,  or  the 
variation  may  have  arisen  on  the  spot  in  consequence  of 
some  outward  change.  TJiejiew  form  proves  to  be  better 
adapted  than  the  old  to  the  changed  environment.  A 
conflict  ensues.  Step  by  step  the  immigrant  or  variant 
advances  to  the  conquest  of  the  entire  area.  Foot  by  foot 
the  species  in  possession  of  it  resists.  The  battle  (what 
we  call  battle)  may  stretch  through  thousands  of  years. 
There  are  no  visible  signs  of  struggle.  The  "  fairy  fineness 
of  ear  "  that  Arthur  Hallam  ascribed  to  young  Tennyson 
would  hear  no  cries.  None  the  less,  a  great  racial  battle 
has  been  fought  and,  in  the  long  run,  a  great  victory  won. 
The  invaders  have,  to  all  appearance,  driven  out  the  in- 
digenous species,  which  survives  only  in  inaccessible  or 
less-favoured  spots. 

A  Danish  naturalist  has  ascertained  the  tactics  of  the 
battle.  The  birch  is  in  possession  of  a  tract.  Its  branches 
are  open  and  let  down  the  sunshine  to  its  base,  where  the 
beech  strikes  root  in  the  humus  formed  by  the  decomposi- 
tion of  birch-leaves.  The  beech  gi'ows  up,  and,  being 
longer-lived,  it  survives  and  prevails  over  the  birch,  whose 
seeds  can  effect  no  lodgment  under  the  dense  shadow  of 
the  beech.  Only  in  sterile  or  sandy  tracts,  by  lakes  or  in 
marshy  soil,  can  the  birch  hold  its  ground. 

We  perceive  iu  what  the  battle,  the  victory,  and  the 
defeat  consist.  No  single  bircli  perishes  till  its  time  is 
come,  but  it  leaves  fewer  and  fewer  offspring,  and  it 
fattens  the  soil  for  its  supplanter.  No  tree  has  been 
driven  out  of  its  habitat ;  those  that  survive  in  inhospit- 
able spots  have  been  there  from  the  first.  It  is  battle 
by  elimination,  victory  by  supplanting,  defeat  by 
disappearance. 

The  vegetal  elimination  thus  described  is  the  type  of 
all  substitution  of  one  species  for  another.  Animal  species 
become  mobile,  add  to  these  tactics  the  destruction  of  a 
rival  or  hostile  species.  To  the  animal  methods  man 
superadds  systematic  warfare  and  wholesale  massacre. 
The  additions  affect  only  the  degree  and  the  rate.  In 
vegetiil,  Uruimal,  human,  and  sociological  species  the 
process  is  at  bottom  identical.  War,  as  we  know  it,  is  a 
mere  incident,  or  at  best  an  intenser  form  of  the  conflict. 
It  is  not  its  type. 

TllK    EtIINU'AI,    StRUOGIjE. 

The  old  I'dinology  descrilied  in  detail  the  long  series  of 
luigralions  in  mass  from  "  soinewliere  in  Asi;i.  "  that 
peopleil  I'lurope.  Even  so  sober  a  historian  as  Auu'dce 
Thierry  assigns  dates  to  these  great,  racial  movements  with 
a  precision  that  rivals  the  pre-Noachian  chronology  of 
-\rclibishop  Usher.  The  new  ethnology  is  satisfied  that 
no  such  collective  displacements  ever  occurred.     All  the 


probabilities,  such  historical  evidence  as  we  possess,  and 
the  analogies  of  our  own  day  combine  to  suggest  that 
human  races  have  generally  migrated  as  plants  and 
animals  have  migrated.  But  instead  of  reasoning 
hypothelically,  on  data  drawn  from  language  and 
anthropology,  about  the  early  European  migrations,  let  us 
take  a  contemporary  example.  Every  step  and  incident 
of  the  colonisation  of  New  Zealand  can  be  traced ;  the 
process,  indeed,  can  still  be  observed,  and  for  grasping  it 
in  its'  reality  direct  observation  is,  in  some  form,  almost 
essential. 

The  early  explorers,  who  touched  at  the  islands  but  did 
not  remain,  resemble  the  adventurous  seeds  and  individuals 
that  vegetal  and  animal  species  send  out  as  scouts.  The 
first  immigrant  to  New  Zealand  was  the  fu'st  runaway 
sailor  from  one  of  the  exploring  ships.  If  John  Ruther- 
ford, whose  instructive  narrative  was  incorporated  by 
Professor  Craik  in  his  "  New  Zealanders  "  of  1830,  was  the 
first  (as  he  is  the  first  known)  of  this  variety,  then  is  he 
tlie  progenitor  of  all  existing  white  Nen'  Zealanders.  He 
was  soon  followed  by  other  adventiu-ers.  Runaway  whalers, 
escaped  convicts  from  Australia,  beach-combers,  wandering 
Jews,  and  sometimes  a  stray  educated  man  like  F.  E. 
Mailing,  arrived  one  after  another  on  a  scene  where  wild 
men  found  themselves  in  a  congenial  element.  Altogether, 
it  was  estimated  that  there  were  150  pakelias  scattered 
over  the  North  Island  before  its  annexation.  Missionaries 
accoin])auied  or  followed  them.  A  British  Resident  was 
appointed.  The  ways  having  been  opened  and  the  ground 
prepared  by  these  forerunners,  it  was  felt  that  tlie  time 
had  come  for  systematic  colonisation.  Another  adventurer, 
the  great  colonising  genius  Edward  Gibbon  Wakefield, 
organized  a  series  of  semi-commercial,  semi-philanthropic 
associations  which  in  course  of  years  despatched  some 
thousands  of  colonists.  Smaller  groups  from  time  to 
time  founded  special  agricultural  settlements.  The  local 
Government  brought  out  shiploads  of  artizans  and 
domestic  servants.  But  there  has  been  comparatively 
little  emigration  in  mass  For  the  most  part,  it  has 
taken  place  by  individuals  and  families. 

The  resistance  made  by  the  natives  to  the  early  explorers 
was  hostile,  inspired  by  terror.  When  they  got  over  their 
fright  they  received  immigrants,  the  best  and  the  worst, 
with  impartial  goodwill.  Differences  arose.  War  broke 
out ;  in  the  middle  forties  and  the  early  sixties  there  was 
real  war,  waged  by  English  generals,  disciplined  troops, 
and  colonial  auxiliaries.  Though  the  two  wars  lasted  for 
years  and  many  battles  were  fought  there  was  little 
destruction  of  life ;  perhaps  a  thousand  ISIaoris  at  the 
most  bit  the  dust.  None  the  less,  they  have  silently 
melted  away  "  like  snaw-wreaths  in  thaw,"  or  like  wax 
before  a  strong  fire.  From  probably  over  100,000  at  the 
time  of  the  British  occujjation  of  New  Zealand,  they  sank 
iu  forty  years  to  40,00t\  and  the  decline  steadily  continues, 
in  full  peace,  at  the  rate  of  one-eleventh  in  five  years.  As 
they  have  not  been  killeil.  neitlier  have  they  been,  on  the 
whole,  ill-used,  two  or  three  things  have  happened.  They 
have  mixed  with  the  whites  ;  .5000  half-castes  are  scattered 
through  a  population  of  800,000,  and  iu  five  years  the 
number  has  increased  by  one-sixth.  Next,  ever  fewer 
children  are  liorn.  The  large  families  of  tlie  old  figliting 
days  are  no  longer  to  be  found.  The  uatives  themselves 
cannot  account  for  the  falling  off  ;  Darwin  would  ascribe 
it  to  the  elTcct  of  the  change  of  life  on  the  most  susceptible 
part  of  the  system — the  reiirodiktive  organs.  The  young 
die  of  cousiiniption  or  other  iliseascs  induced  by  altered 
habits;  drink  has  its  hecatombs  among  the  adults  of  both 
sexes.  The  older  tribesmeu  die  where  they  have  always 
lived  ;  the  younger  migrate.  They  cease  to  live  by  the 
side   of    the    white    man    because    they  can    no    longer 
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make  a  livuig.  In  Australia,  as  iu  the  United  States,  the 
mere  presem-e  of  the  white  man  drives  into  the  interior  the 
big  or  small  game  on  which  the  black  or  the  i-ed  man 
subsisted.  There  was  little  such  game  in  New  Zealand, 
but  the  brown  man  conlil  no  longer  deliver  himself  to  his 
old  pursuits.  The  white  wanted  his  land,  and  paid  him 
to  leave  it.  From  day  to  day  the  steadfast  eucroachraeut 
could  be  observed.  VVantiug  money  for  ordinary  purposes 
or  for  some  special  purpose  (as  the  costly  celebration  of  a 
chief's  funeral),  the  natives  part  with  their  laud  bit  bv  bit, 
and  when  the  land  goes  (as  they  are  well  aware)  the  Maori 
goes  with  it.  When  ouce  daylight  aud  air  are  let  in  on 
the  dark  and,  sometimes,  stifliug  New  Zealand  bush  by 
a  beginning  of  tree-falling,  the  destruction  of  an  entire 
forest  is  only  a  question  of  time.  The  fate  of  the  forest  is 
the  fate  of  the  brown  race.  Once  it  opens  its  ranks  to 
admit  even  scattered  members  of  a  white  race,  its  end  may 
be  retarded  l)y  l)ravery  on  its  own  part,  or  equity  on  the 
I^art  of  its  conquerors,  but  its  death  is  sure.  In  New  Zea- 
land, the  last  remnants  will  be  found  in  the  wild  Uriwera 
country,  whose  fastnesses  protect.it  against  invasion. 

The  story  is  that  of  the  birch  and  beech  of  Denmark. 
The  methods  of  invasion,  battle,  and  resistance  are  alike  ; 
alike,  too,  is  the  result.  The  earlier  dark  races  have 
fattened  the  soil  for  the  white  invaders.  They  opened 
the  l)ush,  cut  paths  and  cleared  spaces,  gave  the  grass 
time  to  grow,  furnished  sen'ants,  and  often  wives,  to  the 
immigrants,  and  sometimes  fought  on  their  side.  Like 
Walt  Whitman's  redwood-trees,  which  rejoiced  to  be  cut 
down  for  the  use  of  man,  they  may  congratulate  themselves 
on  being  the  forerunners  of  a  greater  race  and  thus  aiding 
the  advance  of  civilization.  "The  Government  may  take 
away  my  pension,"  said  in  1884  a  famous  chief  who  had 
resolutely  fought  against  the  English  twenty  years  before, 
"  but  it  cannot  take  from  me  mv  ioyaltv  to  the  Queen." 


Conducted  hi/  M.  I.  Ckoss. 


A    POLARIZING    VERTICAL    ILLUMINATOR. 

The  interference  tints  produced  by  the  polariscope  in  the 
examination  of  rocks  and  minerals  enables  the  identification  of 
constituents  to  be  made  by  the  petrologist.  But  in  the  thin 
sections  which  are  commonly  and  necessarily  prepared  for  the 
microscope,  it  frequently  happens  that  the  distinguishing  colours 
are  so  faintly  differentiated  as  to  lead  to  confusion  of  Tdentity, 
and  although  extraneous  means  are  used  for  meetiug  the  ditli- 
culties,  even  these  do  not  yield  distinctive  results  in  all  cases. 

The  new  device  of  Professor  Joly,  described  by  him  in  the 
Proceedings  of  the  Royal  Dublin  Society,  is  intended  to  aid 
observations  to  be  made  with  iucreased  accuracy. 

The  object  under  examination  is  laid  upon  a  reflector  of 
speculum  metal  (about  3  cm.  diameter  is  sufficient;,  which  is 
placed  on  the  microscope  stage,  the  thin  cover  of  the  specimen 
and  not  the  slide  being  iu  contact  with  this  reflector. 

The  illumination  is  effected  with  a  vertical  illuminator  of  the 
(!ix<-  pattern,  but  with  the  aperture  through  which  the  light  is 
admitted  to  the  cover-glass  disc  reflector  extended  upwards  to 
allow  the  illuminating  beam  to  be  directed  upon  the  disc 
obliquely,  so  that  the  polarizing  angle  can  be  actually  attained. 

The  accompanying  diagram  wUl  make  the  matter  clear.  The 
illuminator  is  lettered  "  I,''  the  cover  glass  for  reflecting  the 
light  is  shown  at  33°  with  the  vertical  axis  of  the  microscope, 
thus   insuring   that   the   hght   passing  vertically  thj-ough   the 
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object  glass  is  at  the  polarizing  angle  {ril"  nearly)  with  the  glass 
reflector. 

Having  adjusted  the  vertical  illuminator  disc  so    that  the 
speculum  reflector  is  illuminated, 
I  it    will    be    observed    that    the 

reflected  jiortion  of  the  entering 
beaai  is  plane  polarized.  De- 
scending it  passes  through  the  slip 
carrying  the  rock  section,  then 
passing  through  the  section  it 
meets  the  speculum  reflector  "  R  " 
and  is  returned  by  it  through 
the  section  and  so  back  to  the 
^  ''  cover  glass  ''  C, '  the  greater  part 
of  the  beam  passes  ujiwards  and 
reaches  the  eye  ;  this  is  almost 
unmixed  plane  polarized  light. 
A  Nicol  prism  is,  of  course,  used 
above  the  vertical  illuminator. 

It  will  at  once  be  seen  that  the 
range  of  colour  variation  from 
one  species  to  another  will  be 
greatlj'  increased,  the  interference 
tints  being  the  maxim  proper 
to  a  plate  of  twice  the  actual 
thickness  of  the  section  in  con- 
sequence of  the  passage  of  the 
polarized  beam  twice  through 
_^    ^  the  rock  section. 

II222 Professor  Joly  further  suggests 

that  it  will  be  found  advan- 
tageous to  perforate  the  reflector  "  R ''  with  a  small  hole  of 
conical  shape,  blackened  inside  so  that  when  desired  a  small 
crystal  can  be  examined  simultaneously  with  the  reflected  ray 
aud  by  light  transmitted  from  the  ])olarizer  beneath  the  stage. 

POND-LIFE    COLLECTING    FOR    THE    MICROSCOPE. 

By  Charles  F.  Roussei.et,  f.r.m.s. 
The  fascinating  study,  under  the  microscope,  of  the  living 
microscopic  objects  found  in  ponds,  canals  and  lakes,  collectively 
known  as  Pond-life,  requires,  first  of  all,  that  you  should  catch 
your  game.  The  object  of  this  note,  therefore,  is  to  discuss 
those  methods  of  collecting  which,  with  a  good  many  years' 
experience,  have  proved  to  me  the  most  practical,  efficient  and 
time-saving;  it  is  intended  for  the  young  naturalist,  or  beginner, 
who  desires  to  make  the  personal  acquaintance  of  these  minute 
atoms  of  life  and  thereby  gain  a  better  understanding  of  all 
living  things. 

Some  few  pieces  of  apparatus  are  indispensable,  and  these  are 
the  followiqg: — 

1.  A  Queketter's  Collecting  Stick  with  ring,  net  and  bottle, 

and  cutting  hook. 
■2.  A  flat  bottle. 

3.  A  pocket  magnifier. 

4.  A  hand-bag  with  sundrj'  wide-mouthed  bottles. 

The  Collecti.ng  Stick.  —  Can  be  obtained  from  most 
opticians;  it  is  a  hollow  walking-stick  with  an  inner  rod  to 
increase  its  length  when  required,  and  provided  with  a  screw  at 
the  end  for  the  attachment  of  either  riug,  net,  dipping  bottle  or 
hook. 

The  ring  is  a  stout  brass  hoop,  about  6  in.  in  diameter.  The  net, 
which  is  sewnonto  the  ring, is  made  cone-shaped, about  Oi  in. long, 
and  at  its  apex  is  tied  a  small  rimmed  tube  bottle  of  clear  glass, 
about  3  iu.  long  by  1  in.  wide.  The  material  of  the  net  .should 
be  either  fine  muslin,  known  as  ''  soft  mull,''  with  meshes  fine 
enough  to  prevent  the  Infusoria  and  Rotifera  going  tlirough  and 
yet  allowing  the  water  to  run  out  freely,  or  else  a  silk  material 
known  as  "  Swiss  bolting  silk,''  used  by  millers  for  sifting  the 
various  grades  of  flour,  and  obtainable  from  mill  furnishers  ; 
No.  lij  of  this  silk   material   has  the  required  fineness. 

The  net  is  most  important,  and  some  care  should  be  taken  to 
have  it  properly  made.  Allowing  a  margin  for  the  seam  and 
for  sewing  round  the  ring,  the  shape  and  dimensions  of  the 
material  for  a  ii  in.  riug  should  be  as  represented  iu  Fig.  I. 
This  will  give  a  net  slightly  larger  than  is  required,  but  as  the 
material  is  sure  to  shrink  a  little  it  will  be  of  the' right  size  after 
having  been  used  once  or  twice. 
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The  catting-hook  is  a  curved  knife  which  can  also  be  screwed 
on  to  the  collecting  stick,  and  is  intended  for  cutting  roots  or 
water  weeds  ^vhich  are  otherwise  out  of  reach. 


Tib.  l.~a  £■  =  9  in. ;  angle  at  e  =  140". 

The  Fl.4T  Bottle. — Can  now  be  obtained  from  the  optician?, 
well  made  and  cemented  with  fusible  cement  in  the  fire.  When 
first  invented  by  the  late  Jlr.  T.  D.  Hardy  it  was  made  by 
cutting  a  LI  shaped  piece  out  of  a  thick  flat  piece  of  india- 
rubber  or  similar  material,  4  to  .5  in.  long  by  2  to  '2i  in.  wide, 
and  f  to  I  in.  thick  :  a  .square  of  thin  plate  glass  of  same  size, 
cemented  by  means  of  Millers'  caoutchouc  cement  on  each 
side,  completed  the  bottle.  A  thick  piece  of  indiarubber 
if>,  however,  so  expensive  that  it  is  cheaper  to  buy  the  finished 
article.  The  flat  bottle  is  used  for  searching  over  pondweeds 
with  the  pocket  lens  at  the  side  of  the  pond,  or  examining  the 
water  which  has  been  collected  and  condensed  witli  the  net.  In 
round  bottles  it  is  very  difficult  to  see  minute  animals  clearly, 
whilst  a  thin  flat  bottle  allows  the  whole  contents  to  be  readily 
scrutinized  with  a  pocket  lens  of  considerable  power,  and  one 
can  thus  at  once  determine  whether  it  is  worth  while  to  take 
home  a  sample  from  that  particular  pond  for  further  e.xamina- 
tion  under  the  microscope. 

The  Pocket  Lens  best  adapted  for  field  work  is  Zeiss' 
improved  aplanatic  lens,  magnifying  6  diameters,  which  has  a 
very  large  flat  field,  long  focus,  and  the  most  perfect  definition 
all  over  the  field. 

The  various  groups  of  plants  and  animals  commonly  designated 
as  Pond-life,  which  inhabit  freshwater  lakes,  ponds  and  ditches, 
consist  of  AlgiB,  Desmids,  Rhizopoda,  lufu-^oria.  Sponges, 
Hydra=,  Kotifera,  Polyzoa,  Cladocera  or  Water-fleas,  Copepods, 
Hydrachnida,  Worms  and  Insect  larvas.  All  these  can  be 
divided  for  the  purpose  of  collecting  into  two  groups — the  free- 
swimming,  and  those  that  are  usually  atta:;hed  to  water  plants 
or  submerged  objects,  and  each  of  these  grou])S  must  be 
captured  in  different  way.<. 

All  free- swimming  or  floating  forms,  which  collectively  are 
designated  by  the  word  "  plankton,"  are  best  secured  with  the 
net.  The  net  is  passed  through  the  water  two  or  three  or  more 
times,  and  then  held  up  ;  the  water  will  run  out  ju  half  a 
minute,  and  quite  at  the  last  the  condensed  animals  will  be 
seen  entering  the  little  bottle  like  a  cloud,  where  they  can  be 
subjected  to  a  preliminary  examination.  It  is  best,  however, 
to  empty  the  contents  into  the  flat  bottle,  in  which  the  examina- 
tion with  the  ]iocket  lens  becomes  very  much  easier,  and  most 
of  the  forms  one  is  acquainted  with  can  be  recognized  at  a 
glance.  In  this  way  thousands  of  Algie,  Infusoria,  Rotifcrn, 
Daphnia,  &c.,  can  be  captured  in  a  fc'W  minutes  if  the  pond  be 
a  prolific  one.  Having  thus  ascertained  that  the  dip  contains 
some  desirable  forms,  the  water  is  poured  into  a  larger  wide- 
mouthed  collecting  VK>ttle,  of  which  three  to  six  should  bo 
carried  in  the  bag.  These  bottles  should  be  numbei'ed  ;  for  it 
is  often  advantageous  to  keep  the  water  of  different  i)Onds 
separate,  so  as  to  be  able  to  know  at  home  from  which  pond  a 
particular  creature  has  come.  Ponds  vary  exceedingly  as  regards 
their  contents  in  Pond-life  ;  a  smiUl  pond  may  bo  very  pro- 
lific, whilst  another,  |iossibly  a  larger  jiieco  of  water  only  a  few 
yards  off,  may  contain  hardly  anything  worth  colhcting.  By 
trying  all  the  difl'erent  ponds,  small  and  large,  within  reach  of 
an  attornoon's  walk,  one  usually  suci-eeds  in  obtaining  a  good 
gathering  of  free-swimming  forms.  The  net  quickly  condensts 
a  large  volume  of  water,  so  thit  few  species,  even  if  present  in 
small  numbers  only,  will  escape  being  cajitured.  Si^veral  other 
methods  of  cot  dousing  pond  water  have  been  devised,  but  the 
collecting  net  with  bottle  attached  is  so  simple  and  efl'ective 
that  we  need  not  trouble  about  any  other  apparatus.     It  may 


be  advisable  to  try  the  larger  ponds  in  various  places,  and  both 
near  the  surface  and  also  in  deep  water,  as  some  plankton 
forms  may  have  collected  in  one  particular  comer  of  the  pond 
and  be  absent  elsewhere  ;  this  is  often  the  case  with  Volvnx 
r/lobator.  The  use  of  a  boat  on  larger  lakes  is  very  desirable 
when  available.  For  Rotifers  and  other  active  free-8wimmers 
it  is  not  advisable  to  disturb  the  mud  at  the  Vjottom  of  the 
])ond,  but  certain  species  of  Cladocera,  Hydrachnida,  and  insect 
larvje  can  only  be  found  at  or  near  the  bottom. 
(To  be  continued.) 

Practical  Scheme. — Through  the  kindness  of  Mr.  J.  T. 
Neeve,  of  4,  Sydenham  Road,  Deal,  I  am  able  to  offer  for  dis- 
tribution four  named  varieties  of  Marine  Algae,  mounted  on 
paper,  which  can  be  kept  either  as  herbarium  specimens,  or  can  be 
mounted  as  microscopic  objects,  for  which  latter  they  should  be 
soaked  in  soft  or  rain  water  for  twenty-four  hours,  which  will 
cause  the  specimens  to  assume  their  natural  state.  Then  mount 
in  Dean's  medium  or  glycerine  jelly.  If  mounted  in  balsam  in 
the  dried  state  the  cells  are  distorted  and  shortened.  The 
instructions  given  for  the  mounting  of  Fungi,  a  few  weeks  ago, 
are  also  recommended  by  Mr.  Neeve. 

Applicants  for  these  Marine  Algaj  are  requested  to  enclose 
with  the  Coupon  appearing  in  the  advertisement  ])ages  of  this' 
number,  a  stamped,  directed,  square  envelope,  about  'i  in.  by  4  in. 
Particular  attention  is  drawn  to  this  ])oint  as  it  considerably 
reduces  the  amount  of  labour  involved  in  this  distribution. 

Should  any  readers  of  this  journal  wish  for  further  specimens, 
I  should  recommend  them  to  apply  direct  to  Mr.  Xeeve,  at  the 
address  given  above,  who  is  both  an  authority  and  an  enthusiast  in 
this  particular  work.  ►», 

NOTES  AND   QUERIES. 

Lt.  Diimant. — -The  following  would  be  the  best  manner  for 
cutting  sections  of  Marine  Worms,  to  show  the  arrangement  of 
parts: — ^Pin  the  worm,  slightly  on  the  stretch,  on  a  strip  of 
wood  and  harden  in  methylated  spirit  for  ten  days,  changing 
the  spirit  every  day  for  the  first  three  days.  Then  cut  the 
specimen  up  into  pieces  about  \  in.  long,  place  these  in  absolute 
alcohol  and  transfer  to  equal  parts  of  absolute  alcohol  and  ether 
and  soak  for  about  twelve  hours.  Place  in  a  thin  solution  of 
celloidin  for  about  twelve  hours,  transfer  to  a  thicker  solution 
of  celloidin  for  twelve  hours.  Remove  from  celloidin  on  the 
point  of  a  needle  and  expose  to  the  action  of  the  air  until  the 
celloidin  drys,  then  jjush  off  with  a  needle  into  methylated 
spirit  and  soak  for  twelve  hours  to  complete  hardening  of  the 
celloidin.  Place  the  infiltrated  portion  of  worm  between  two 
pieces  of  carrot,  fit  it  to  the  embedding  arrangement  of  the 
Cathcart  Microtome  and  make  the  sections.  Stain  in  Grenacher's 
carmine,  wash  out  excess  of  stain  in  methylated  spirit  acidulated 
with  hydrochloric  acid,  one  part  acid  and  .mx  of  spirit.  Then 
wash  well  in  methylated  spirit  and  place  in  absolute  alcohol  for 
two  or  three  minutes,  no  lon','er,  clear  in  oil  of  origanum  and 
mount  in  Canada  balsam.  If  jireferable,  the  pieces  of  worm 
may  be  stained  in  bulk  in  carmine  before  they  are  infiltrated 
with  celloidin.  Permanganate  of  potash  is  used  for  de- 
colourising sections  when  ovetstained  with  carmine,  but  the 
acidulateil  spirit  answers  quite  as  well  and  gives  less  trouble. 

W.  S.  Rollers. — The  most  likely  way  to  remove  the  siliceous 
matter  is  to  boil  the  material  in  a  weak  solution  of  bi-c.;irbonate 
of  soda.  If  this  is  not  succes-ful  the  only  alternative  is  to 
select  the  specimens  from  the  ili-hr/.i  by  hand. 

Pinacoid. — The  only  two  makers  of  binocular  dissecting 
stands  of  such  low  power  as  you  require  are  Zeiss  and  Leitz. 
but  it  seems  doubtful  to  me  if  either  of  them  will  exactly  meet 
your  conditions  as  to  portability.  The  majority  of  such 
instruments  are  fitted  with  jirisms  at  t'le  eyepiece  end,  and 
have  two  tubes  which  are  inclined  at  an  angle  one  to  the  other, 
and  neces-sitate  the  use  of  two  objectives.  Leitz's  binocular 
preparation  microscope,  consisting  of  two  Briicke  lenses  niacrni- 
fying  four  diameters,  only  costing  C:!,  can  bj  taken  to  pieces  for 
packing,  and  is  of  consiiler  ible  value  for  preparation  purposes. 
I  think  j'ou  would  be  bettor  suited  with  an  ordinary  singlo  lens 
dissecting  microscope.  Any  London  hcuse  would  send  you 
lists  or  particulars  of  Leitz  or  Z-^iss  microscopes. 

ir.  S.  liii.rler.—l  am  sorry  it  is  impossible  to  accede  to  your 
request  ;  there  are  many  simple  explaoations  of  Numerical 
Aperture  given  in  various  works  on  the  mioroscopj,  the  perusal 
of  which  will  give  von  the  lUsii-,  d  iMf.imi  itimi. 
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.1.  G.  Watlihis. — The  only  satisfactory  way  to  test  the 
magnification  of  a  lens  is  to  project  the  lines  of  a  stage  micro- 
meter on  a  screen  at,  say,  ."0  in.  distance  from  the  back  lens  of  the 
objective,  measure  the  separation  of  lines  so  projected,  and 
divide  by  three. 

Seco. — The  photographs  that  you  send  are  exceedingly  good, 
and  you  have  every  reason  to  be  satisfied.  The  iianits  of  the 
specimens  you  wish  identified  are  as  follow  : — (1)  Species  of 
Surirella  ;  (2  &  4)  Anchors  and  Plates  of  Synapta  ;  (3)  Actino- 
cydus  ralfsii ;  (5  &  6)  Wheel  plates  of  Chirodota  vinlacea ; 
(7  &  8)  Heliopella  metii.  The  centre  specimen  is  a  Radiate 
plate  from  .Vijriutroehus  rinlcii. 

Communications  and  enquiries  on  Microscopical  matters  are 
cordially  invited,  and  should  be  addressed  Ui  M.  I.  Cross, 
Knowledge  Office,  326,  High  Holborn,  W.C. 


NOTES   ON   COMETS   AND    METEORS. 

By  W.  F.  Dennino,  f.r.a.s. 

Present  Comets. —  There  is  no  tolerably  conspicuous  comet  now 
visible  in  the  region  noitli  of  the  equator.  Giacobini's  (190)  A)  is 
traversing  the  southern  hemisphere,  and  at  the  beginning  of  June  will 
be  moving  to  N.W.  in  Octans,  and  in  a  position  about  six  degrees 
from  the  S.  pole  of  tlie  heavens.  Southern  observers  will  probably 
have  had  a  good  view  of  this  object  during  April.  Early  in  that 
month  it  was  about  80  times  as  bright  as  when  first  discovered,  but 
its  proximity  to  the  sun  at  the  period  named  must  have  prevented  its 
being  seen.  On  April  15tb,  however,  it  was  45°  S.  of  the  sun,  and  a 
rather  striking  and  conveniently  observable  object  from  southern 
latitudes. 

GiACOBiNi's  Comet  (1902  b)  passed  very  closely  N.  of  a  Geminorum 
(Castor)  at  the  end  of  April,  but  was  too  faint  for  ordinary  instruments. 
The  iucreasing  distance  of  tliis  remote  object,  situated,  as  it  will  be,  iu 
the  strong  twilight  of  a  June  sky,  will  render  it  quite  invisible. 

GiACOBiNi's  Comet  (1896  V.). — This  faint  comet,  for  wluch  Prof. 
Hus^ey  computed  a  period  of  6^  years,  is  due  at  perihelion  on  about 
June  22nd,  and  the  conditions  make  it  probable  that  it  may  be  re- 
deteeted  and  followed  during  the  ensiung  summer  and  autumn.  The 
preHieted  positions  of  the  comet  are  given  in  an  ephemeris  by  Ebelli 
of  Kiel,  for  Berlin  mean  midnight 
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Thus,  at  the  opening  of  June,  the  object  passes  4  degrees  S.  of 
7  Pegasi  (mag.  3),  enters  Aries  in  July,  and  Taurus  iu  August,  while 
it  will  be  placed  immediately  W.  of  the  Hyades  in  September, 
thereafter  moving  very  slowly  to  S.W.  T)ie  uuit  of  brightness  in 
above  ephemeris  corresponds  with  that  exhibited  by  the  onmet  when 
last  seen  on  1897,  January  4.  As  the  date  of  perihelion  is  not 
accurately  known,  it  will  be  advisible,  when  sweeping  for  the  comet, 
to  examine  the  region  lying  several  degrees  E.  and  W.  of  the  positions 
given  in  the  ephemeris. 

The  Apeil  Meteoks. — At  the  period  of  the  recent  return  of  the 
Lyrids  the  weather  was  extremely  cold  and  winterly,  with  severe 
frosts  and  hazy  skies  at  night.  Temperature  offered  a  singular 
contrast  to  that  experienced  ten  years  ago,  when  summer  heat 
prevailed,  the  maximum  shade  readings  of  a  thermometer  at  Bristol 
being  1893,  April  19,7.5°;  April  iO,  77°;  April  21,  81°;  and  April 
22,  78°.  The  April  meteors  of  1903  were,  perhaps,  reguuled  with 
more  than  usual  intere,-t  from  the  circumstance  that  ju<t  100  years 
ago  (viz.,  on  the  morning  of  1803.  April  20)  a  briUiant  and  abundant 
display  of  these  objects  was  observed  in  America.  There  was, 
however,  no  visible  repetition  of  that  grand  spectacle  in  the  present 
year,  iov  on  the  morning  of  Ajjril  20  the  WTiter,  at  Bristol,  watched 
a  sky  that  seemed  very  still;  meteors  only  came  at  long  intervals, 
while  the  Lyrids  were  almost  entirely  wanting.  At  lb.  40m.  a.m., 
however,  a  sudden  wave  of  light  caused  the  observer  to  look  towards 
I\'.W.,  when  a  very  brilliant  meteor  was  seen  descending  slowly  from 


0  Ursie  Majoris  to  0  Camelopai-di.  In  travei-sing  a  path  of  39  degrees, 
it  occupied  -ii  seconds,  aud  left  a  thick  train  of  yellow  sparks  in  the 
immediate  wake  of  its  nucleus.  b'adiant  prohably  at  218^  —  31° 
(about  8°  S.W.  of  20  Librtc,  mag.  3-3'.  from  which  point  a  well- 
proncunccd  shower  of  slow  meteors  was  directed  at  the  Lyrid  epoi'h 
in  1900  This  fireball  may  be  said  to  liave  fittingly  commemorated 
the  centenary  of  the  brilliant  display  wilnis.^ed  in  1803.  The  :\p  il 
meteors  geuerally  appear  to  have  presented  no  special  activity  or 
interesting  features  this  voir,  but  they  were  pretty  well  observed,  and 
it  is  hoped  to  refer  to  some  of  the  results  next  month. 

Large  Meteors. — April  11,  lib.  56ra.  G.M.T.— Fireball  brighter 
than  Jupiter  obserred  at  Lisburn,  Ireland,  by  Mr.  John  McHarg. 
Kligbt  directed  from  0  Herculis,  or  possibly  a  little  higher  up,  and 
ended  near  0  Cygni. 

April  19,  lOh.  6m. — Fine  meteor  =  9,  observed  by  Prof.  A.  S. 
Heischel,  at  Slough.  Path.  217°  +  16°  to  249°  +  35"," and  probable 
radiant  at  about  172°  —  22°.  Duration,  3^  seconds.  It  left  a  short 
tail  of  red  flakes. 

April  21,  13h.  11m. — Large  meteor,  3x9,  recorded  by  Prof. 
A.  S.  Herseliel,  at  Slough,  with  a  path  very  swiftly  traversed  from 
13U°  +  40°  to  126J°  +  34°.  It  gave  a  transient  yellow  flash,  and  was 
directed  from  the  usual  radiant  of  the  April  Lyrids. 

April  22,  lOh.  29m — Meteor  =  9,  seen  bv  Mr.  C.  L.  Brook,  at 
Meltham,  near  Huddersfield.  Path,  308°  '+  43°  to  345°  +  40°. 
Duration,  3^  seconds.  Colour,  pale  bluish. green.  Observed  also  by 
Mr.  G.  W.  Middleton,  at  Mexborough.  who  says  the  northern  sky 
was  lit  up  as  by  a  flash  of  lightning.  The  fireball  seemed  to  explode 
at  about  6  Cephei  and  to  have  been  directed  from  near  a  Cepbei. 
After  falling  6°  or  7°  it  burst  out  again  with  a  beautiful  greenish  light, 
and  expanded  into  a  sort  of  nebulous  halo. 

April  22,  lOh.  36m  —Meteor  =  2t  recorded  by  Mr.  T.  H.  Astbury, 
at  W'allingford,  shooting  from  203"  +  75°  to  i4()°  +  68°  in  Is  sec. 
It  was  a  fine  Lyrid,  leaving  a  brilliant  white  streak.  This  meteor  was 
also  registered  by  Prof.  A.  S.  Herseliel.  and  adi'pting  a  radiant  at 
271°  +  34°  from  the  combined  paths,  the  heights  appear  to  have  been 
from  70  to  56  miles  over  !Xorthamptonshire. 


THE   FACE   OF   THE   SKY  FOR   JUNE. 

By  W.  Shackleton,  f.e.a.s. 

The  Sun. — On  the  1st  the  sun  rises  at  3.52  and  sets  at 
8.3 ;  on  the  30th  he  rises  at  3.48  and  sets  at  8.18. 

Summer  commences  at  3  p.m.  on  the  22Qd,  when  the 
sun  enters  Cancer  ;  this  is  also  thelongest  day,  its  duration 
lieing  16h.  33ni. 

Siinspots  are  now  of  freq\ieut  occurrence,  aud  of  laj:e  the 
solar  disc  has  scarcely  been  devoid  of  spots. 

The  Moon  : — 


Phases. 

H.    M. 

June     2 

])    First  Quarter 

1  24  p.m. 

„     10 

O  Full  Moon 

3       8   A.M. 

„     18 

([    Last  Quarter 

6  44  A.M. 

„     25 

0  New  Moon 

G    11    A.M. 

The  moon  is  is  apogee  on  the  13th,  and  iu  perigee  on 

the  26th. 

Occultations : — - 


■o 

Disappearance. 

Beappearauce. 

1 

S   . 

H 

n 

a 
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Mean 
Time 

An^le  fr 
N.  Poin 

1> 
< 
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h.  m. 

o 

o 

h.  m. 

o         o 

A   h 

June  2    1)5  Leonis 

02 

9  44  P.M. 

i:i7 

Kit 

10  43  P.M. 

267      231 

6  23 

„      4    BA.C.  4294 

ti-l 

8  14  P.M. 

ISl 

i:il 

9  27  P.M. 

274  I  258 

8  22 

„     8    <»Libi-ae 

«■() 

1  23  A.K. 

i44 

117 

2  14  A.M. 

233  1  201 

12    3 

„   27  1  60  Cancri 

57 

8  42  P.M. 

ibV 

11» 

9  14  p  M. 

234  1  196 

2  15 

The  Planets. — Mercury  is  unobservahle  during  the 
former  part  of  the  mouth,  since  he  is  in  inferior  cou- 
junction  witli  the  sun  on  the  3rd.  Towards  the  end  of 
the  month  he  is  a  morning  star  in  Taurus,  not  far  from 
Aldeharan,  and  is  at  greatest  western  elouyation  of  22^  5' 
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W.  on  tlie  28tli,  wlien  he  rises  about  1|  hours  before  tlie 
sun  ;  tlie  l)right  morning  twilight  will,  however,  interfere 
with  easy  o])servation. 

Venus  continues  to  be  the  most  conspicuous  object  in 
the  evening  sky  looking  rather  north  of  west.  The  planet 
is  increasing  in  brilliancy,  and  is  so  bright  that  it  can 
easily  be  picked  up  in  twilight,  and  observation  may  be 
continued  until  quite  late,  as  she  does  not  set  until  11  p.m. 
The  best  time  for  observing  is,  however,  soon  after  sunset, 
while  it  is  still  moderately  light,  as  then  the  disc  appears 
more  sharply  defined,  and  any  outstanding  colour  of  the 
telescope  is  less  obtrusive.  About  the  middle  of  the 
mouth  the  planet  is  on  the  meridian  at  3.9  p.m.,  having 
an  altitude  of  59° ;  a  little  searching  with  a  pair  of 
field-glasses  should  enable  one  to  detect  this  bright  object 
in  broad  daylight.  The  diameter  of  the  planet  mcreases 
from  lt)"t;  at  the  beginning  of  the  month  to  21"'6  at  the 
end.  Near  the  middle  of  the  month,  0'61  of  the  disc  is 
illuminated,  or  the  planet  exhibits  a  phase  similar  to  the 
half  moon.  On  the  28th  Venus  is  near  the  moon,  and  on 
the  23rd  near  the  6th  magnitude  star  83  Cancri. 

Mars  is  still  available  for  observation  throughout  the 
month  until  near  midnight,  setting  on  the  1st  at  1.35  a.m., 
and  on  the  30th  at  11.49  p.m.  The  planet  is  diminishing 
in  l)rightness,  also  the  diameter  decreases  from  10""4  at 
the  beginning  of  the  month  to  8"'4  at  the  end.  The  disc 
presents  a  gibbous  appearance,  0'89  being  illumioated. 
The  latitude  of  the  centre  is  +  25°,  so  that  the  north  polar 
cap  is  presented  to  us,  and  therefore  the  snow  cap  appears 
at  the  bottom  in  the  ordinary  inverting  telescope.  The 
planet  is  describing  a  direct  or  easterly  path  in  Virgo  in 
the  direction  of  Spica  ;  he  is  near  the  moon  on  the  morning 
of  the  4th. 

Jupiter  is  iu  Aquarius,  but  does  not  rise  before  midnight 
until  near  the  end  of  the  month. 

Saturn  is  in  Capricornus,  rising  about  11.30  p.m.  near 
the  middle  of  the  month,  but  on  account  of  his  great 
southerly  declination  he  is  not  well  placed  for  observation. 

Uranus  is  on  the  confines  of  Ophiuchus  and  Sagittarius, 
and  is  in  opposition  on  the  15th  ;  the  extreme  southerly 
declination  of  the  planet  is  such  that  he  only  attains  the 
altitude  of  the  mid-winter  sun.  The  accompanying  chart 
will  enable  the  planet  to  be  found,  when  it  appears  as  a  star 
of  about  the  6th  magnitude,  and  can  be  seen  occasionally 
with  the  naked  eye,  but  readily  with  slight  optical  aid. 


Path  of  Uramis  iu  Optiiuclui.'*. 

Neptune  is  no  longer  available  for  observation,  being  in 
conjunction  with  the  sun  on  the  26th. 

The  Stars. — Position  of  the  stars  about  10  p.m.  : — • 
ZnNiTii     .     Great  Bear,  Cor  Caroli. 
North      .     Ursa  Minor,  Cepheus,  Cassiopeia,. 
East  .     Cygnus,  Ljra,  Aquila,  Sagittarius. 

South       .     Hercules,  0|)biucliiis,  Corona,  Libra,  Scorpio. 
Wust        .     Li'o.   Cancer.  —  S  AV. :     V^irgo   and   Bootis. — 
N.W.  :  Capella. 


Ctjcss  Column. 

By    C.    D.   LococK,    b.a. 

Communications  for  this  column  should  be  addressed 
to  C.  D.  LococK,  Netherfield,  Camberley,  and  be  posted 
by  the  10th  of  each  month. 

Solutions  of  May  Problems. 

No.  1.— (W.  Geary). 

1.  P  to  Q4,  and  mates  next  move. 

No.  2.— (T.  Geary). 

Key-move — 1.  K  to  Qsq. 

1.  .  .  .  K  to  K5,     2.  Q  to  Q3ch. 

Solutions  received  from  "Alpha,"  2,  4;  W.  Nash,  2,  4; 
G.  A.  Forde  (Major),  2,  4 ;  "Looker-on."  2,  4;  A.  H.  H. 
(Croydon),  2,  4 ;  W.  H.  S.  M.,  2,  0  ;  G.  W.  Middleton,  2,  4  ; 
J.  W.  Dixon,  2,  4;  C.  Johnston,  2,  4 ;  H.  S.  Brandreth, 
2,  4;  H.  F.  Culmer,  2,  4;  T.  Dale,  2,  4;  A.  C.  Challenger, 
2,  4;  W.  J.  Lawson,  2,  0;  H.  H.  Bowdler,  0,  0;  J.  L. 
McLaren,  2,  4. 

/.  C.  Candy. — Thanks  for  the  problem. 

/.  W.  Dixon. — Thanks  for  your  appreciation. 

A.  G.  Challenger  and  F.  H.  WorsJey-Beniiyon . — Solutions 
last  month  too  late  to  acknowledge. 

E.  A.  Servaute. — Thanks  for  the  problems.  The  three- 
mover  cannot  be  used  iu  a  solution  tourney  as  it  has 
appeared  before.  The  others  will  be  printed  ultimately  if 
found  up  to  the  mark,  but  will  have,  I  fear,  to  wait  some 
time. 

W.  J.  Lau'soti. — Is  not  1.  ...  K  to  E5  a  sufiicient 
answer  to  1.  Kt  to  Q4  ? 

W.  H.  8.  If.— You  appear  to  have  overlooked  that  after 
1.  Kt  to  Kt7  the  King  has  an  available  square  at  QB4. 

Hamilton  White. — I  can  only  suggest  that  you  should 
send  the  end-game  elsewhere.  You  are  in  error  in 
supposing  that  the  solution  was  "  not  obvious "  to  me. 
But  I  imagined  the  solution  I  found  to  be  a  "  cook,"  and 
asked  accordingly  for  the  author's  solution. 

W.  S.  Branch. —  Many  thanks  for  your  letters  and 
cuttings.  I  inaiutain  the  silence  which  you  request  as  to 
the  other  matter. 

3Irs.  W.  J.  Baird.  —  Many  thanks ;  I  give  it  in  this 
number. 

W.  Nash.  —I  fancy  that  I  have  seen  it  before.  Never- 
theless it  is  very  pretty  and  instructive,  aud  may  be  new  to 
most  of  our  readers. 

PEOBLEMS. 

By  J.  C.  Candy. 

N"    1 

BlACH    (1     ) 


Whiti   nil!   -.    n  i\\onio\K 
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No.  2. 

Black  t2) 


^^^^^,^,,;.:^/'-'^ 


White  (j) 

White  mates  in  three  moves. 


CONDITIONAL    PROBLEM. 
By  Mrs.  W.  J.  Baird. 

Black  (2). 


1  » 

WM 


White  retracts  the  move  which  he  has  just  made,  and 
jjlays  another  instead.  Then  Black  plays  so  that  Wliite 
can  mate  on  the  move. 

[This  will,  of  course,  not  count  in  the  Solutidu  Tourney.] 

Mr.  W.  Nash  sends  the  following  pretty  end-game' 
which  is  probablv  to  lie  found  in  some  standard  work : — 
WUU,  K  at  KKt8,  E  at  K2,  Pawns  at  KKt6  and  7; 
Blade,  K  at  Q2,  R  at  KRS.  White  to  j.lav  and  win.  The 
solution  is  1.  E  to  K6.  If  then  1.  .  .  K  xR,  2.  K  to  B8, 
etc.     Or  if  1.  .  .  E  to  KB8,  2.  E  to  KB6,  etc. 

No  objection  liaving  been  lodged  against  the  award 
in  the  Knowledge  Problem  Tourney,  that  award  now 
becomes  final,  and  the  prizes  will  be  sent  to  Messrs. 
Healhcote,  W.  Geary,  and  Lane  forthwith 


CHESS   INTELLIGENCE. 

Mr.  F.  J.  Marshall,  while  in  London,  won  a  short  match 
against  Mr.  J.  Mortimer  by  four  games  to  love.  At  the 
time  of  writing,  !Mr.  Marshall  is  leading  in  the  "  Kmg's 
Gambit  "  Tourney  at  Vienna. 

The  "brilliancy"  prizes  in  the  Monte  Carlo  Tournament 
have  been  awarded  to  Herr  Mieses  and  Mr.  Pillsburv. 


'J'he  game  below,  from  the  International  Cable  Matcli, 
is  remarkable  for  the  combination,  beginning  at  the 
25th  move,  by  which  Mr.  Marshall  turned  the  tables  on 
his  opponent.  Mr.  Atkins  could  nevertheless  have  drawn 
bv  25..  .  RxKt;  2(i.  ExR,  BxK;  27.  RxB,  QxR; 
28,  Q  to  K7.  R  to  Bscj.,  when  White  would  draw  by 
perpetual  check. 

Queen's  Gambit  Declined. 


White. 

F.  .T.  Marslmll. 


1.  PtoQ4. 

2.  P  to  QB4 

3.  Kt  to  QB3 

4.  P  X  P 

5.  B  to  B4 
(5    P  to  K3 

7.  B  to  Q3 

8.  Kt  to  B3 

9.  Kt  to  K5 

10.  P  X   Kt 

11.  Q  to  B2 

12.  P  to  KE4 

13.  P  to  E5 

14.  Q  X   Kt 

15.  P  to  Kt3 

16.  P  X  Pe.p. 

17.  E  to  Qsq 

18.  E  to  Q2 

19.  Castles 

20.  R  to  Bsq 

21.  Q  to  B2 

22.  Q  to  Kt3 

23.  E  (Q2)  to  B2 

24.  Q  to  E3 

25.  P  to  Kt3 

26.  Kt  X  P 

27.  R  X  R 

28.  Kt  X  Bch 

29.  Q  to  QG 

30.  B  to  Koch 

31.  P  to  B3 


Black. 
H.  E.  Atkins. 

1.  P  to  Q4 

2.  P  to  QB3 

3.  Kt  to  B3 

4.  P  X  P 

5.  Kt  to  B3 

6.  P  to  K3 

7.  B  to  K2 

8.  Castles 

9.  Kt  X  Kt 
0    Kt  to  Q2 

1.  P  to  KKt3 

2.  Kt  to  B4 

3.  Kt  X  B(-h 


14.  P  to  KKt4 

15.  P  to  B4 

16.  B  X  P 

17.  Q  to  Kt3 

18.  R  to  Q2 
19    QR  to  Bsq 

20.  B  to  Kt4 

21.  R  to  B5 
22    Q  to  B3 

23.  R  to  Bsq 

24.  B  to  R3 

25.  R  to  B4 

26.  R  X  R 

27.  Q  X  E 

28.  K  to  B2 

29.  K  X  Kt 

30.  K  to  B4 
Eesisns. 
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THE  NOBODIES -A  SEA-FARING  FAMILY. 

By  the  Rev.  T.  R.  R.  Stebbing,  ma.,  f.e.s.,  f.l.s.,  f.z.s. 

CHAPTER  VI. 
It  is  a  disadvantage  for  any  group  to  be  without  a  popular 
luuiie.  To  call  the  Pycnogonida  'sea-spiders"  is  em- 
barrassing, because  it  appears  to  class  them  with  the 
Araclmida,  from  which  good  autliorities  consider  them 
distinct.  To  call  them  '•  sea-insects "  is  still  less  satis- 
factory, because  it  sets  wingless  creatures  flying  in  the 
face  of  facts.  Some  insects,  it  is  true,  are  apterous,  but 
none  of  them  have  more  tlian  six  legs,  whereas  no  repre- 
sentatives of  this  order  have  fewer  than  eight.  Their 
superficial  rosemlilauce  to  the  Phalangiidae  would  suggest 
the  term  "  sea-harvestmen,"  but  it  is  cumbrous.  The 
title  of  "  Nobodies,"  alluding  to  their  ascetic  meagreness 
of  frame,  is  too  negative.  To  name  them  "  sea-daddies," 
out  of  res])ect  to  the  attenuated  elongation  of  their  limbs, 
might  be  thought  undignified  and  over-familiar.  A  com- 
pi-oniiso  may  be  found  in  tlie  name  "  sea-si)indles,"  agreeing 
with  their  Dano-Norwegian  ajipellatiou  "  Siispiudler." 
Tills  has  several  recommendations.  It  recalls  the  services 
rinulered  to  the  tribe's  elucidation  by  a  long  series  of 
Scandinavian  authors.  It  plainly  notes  the  exclusively 
marine  habitat  of  the  group,  and  it  is  justified  not  only  by 
the  spindle-legged  character  of  the  species  in  -eneral,  but 


by  the  spindle-shaped  proltoscis  in  several,  and  the  fusiform 
ovarial  joints  in  the  limbs  of  the  females  at  maturity.  In 
an  interesting  paper  on  the  phvlogeny  of  the  group, 
J.  E.  W.  Ihle  ("Biol.  Centralblatt,"  Vol.  18,  p.  60;{, 
1898)  demands  the  acceptance  of  Pantopoda  as  its  technical 
name,  but  Leach's  Podosomata  would  have  a  preferential 
right,  if  there  were  the  least  necessity  for  relinquishing 
the  time-honoured  designation  Pycnogonida. 

Though  the  most  critical  discoveries  connected  with  this 
sul)ject  were  not  first  published  in  our  language,  several 
works  of  primary  importance  for  an  understanding  of  the 
whole  matter  have  been  given  to  the  world  in  English. 
On  the  other  hand,  our  native  writers,  as  distinguished 
from  those  who  have  written  in  our  native  tongue,  have 
not  always  teen  pre-eminent  for  clearness  of  description. 
Nevertheless,  it  is  desirable  to  know  what  they  have  done, 
and  where  they  have  worked,  both  that  we  may  have  such 
credit  as  properly  belongs  to  us,  and  that  opportunities 
may  be  used  in  the  future  for  clearing  up  what  they  have 
left  obscure  in  regard  to  species  inhabiting  the  home 
waters  of  Great  Britain. 

Pennant  in  his  "  British  Zoology  "  (Vol.  IV.,  p.  43, 
PI.  19, 1'ig.  7;  1777)  figures  Strom's  Pycnoijirniim  liflorale, 
showing  that  the  species  was  then  already  known  on  our 
coasts,  although  its  correct  names  did  not  penetrate  our 
insular  science  till  more  than  half  a  century  later.  In 
1800  a  paper  entitled  "  Descriptions  of  some  Marine 
Animals  found  on  the  Coast  of  Wales.  By  the  late  John 
Adams,  Esq.,  f.l.s.  Read  February  6th,  1798  "  ("  Trans. 
Linn.  Soc,  London."  Vol.  V.,  p.  7),  begins  with  the 
following  contribution  to  our  subject:  — 
"  Phalangium. 
"1.    yrossijjes.     P.  corpore  minuto  cylindrico,  hu- 

meris  tuberculato,  pedibus   longissimis.     Linn.  Syst. 

Nat.  Ed.  13,  p.  1027.      Milford  Haven. 

"  Obs.     To   the   minute   and    accurate   description 

given  in  the  Sy  sterna  Nat  line  I  can  have  nothing  to 

add,  except  that  its  colour  is  a  dirty  red. 

"2.     hirsntum.     P.  corpore  subplano  decemangulo. 

Tab.  II.     Fiy.  1,  2.     Milford  Haven.     Tenbigh. 
"  Ohs.     Body  oval   with  ten  angles,  and    marked 

with    a   transverse    band   near   the   centre ;  antenna? 


Phalangium  hirsulum.  Adams.     From  Aduiiis. 

serrated  on  the  interior  side  ;  feet  eight,  hairy  ;  tail 

eyliadrical,    obtuse;    colour    palish    brown;    length 

\  inch." 

It   is  not  without  interest  to  observe    what  could  be 

regarded  as  minute  and   accurate  description  in  natural 

history  at  the  close  of  the  eighteenth  century.    The  second 

S[iecies  evidently   j>oses  as  new,  but  it  is  more  like  the 

already   patriarchal    PycKmjnniim    littorah'  than   anything 

else,  if  we  mav  regard  the  serrated  anteniKV  as  due  to  an 
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accidental  slitting  of  the  abdomen  ;  but  neither  figure  nor 
description  shows  for  certain  which  is  the  head  and  which 
the  tail  of  this  problematical  animal.  Its  names  only  once 
reapjiear  when  Tjeach,  in  the  year  181G,  in  the  fifth 
edition  of  the  "Encyclopaedia  Britannica"  by  a  slip 
of  memory  attributed  them  to  Montagu  in  place  of  the 
species  which  that  excellent  observer  really  established. 
Phalanrjium  npinosuut,  Montagu,  found  in  South  Deron 
("Trans.  Liuu.  Soc."  Vol.  IX.,  1808),  still  retains  its  earliest 
specific  name.  It  was,  however,  very  early  confounded  by 
Leach  with  the  Greenland  species  Pycnogonum  spinipes, 
O.  Fabricius,  and  consequently  transferred  to  Latreille's 
genus  Pho.richilus.  Hence  arose  a  long-standing  confusion, 
authors  apparently  supposing  that  the  genus  was  based  on 
the  species  from  Devonshire,  and  not  knowing  that  Latreille 
instituted  it  in  1804,  before  Montagu's  species  had  lieen 
heard  of.*  In  a  later  work  (1810)  it  is  curious  to  read 
the  French  professor's  confession  that  he  had  even  then 
only  seen  a  single  pycuogonid.  This  contrasts  not  only 
with  modern  testimony  to  the  commonness  of  Sea-spindles 
but  'ndth  a  remark  made  by  Leach  as  early  as  1814,  for  at 
that  date,  when  discussing  Latreille's  genus  before  the 
Linuean  Society,  he  says  of  it,  "  I  possess  many  indigenous 
species,  but  have  not  yet  worked  out  their  characters." 
Had  he  ever  accomplished  this  working  out,  he  would 
probably  have  found  that  he  had  been  mistaken  as  to  the 
generic  afiinities  in  at  least  some  of  his  specimens. 

A  second  species  from  the  coast  of  Devon  was  described 
and  figured  by  Montagu  as  Phalangium  andealum.  This 
was  transferred  by  Leach  to  the  genus  Nymphon.  It  is 
misquoted  by  Costa  in  1838  as  Phalangium  oculatum. 
Though  it  has  otherwise  dropped  out  of  recent  synonymy, 
it  is  probably  identical  with  the  earlier  Phoxichilidium 
femoratum  (.1.  Eathke),  1799.  J.  Rathke  is  not  to  be 
confused  with  the  later  and,  at  jjreseut,  better-known  H. 
Rathke.  In  designating  his  species  as  conspicuous  for  its 
femora  or  thighs,  he  unconsciously  records  his  ignorance 
of  the  fact  that  this  dilatation  of  the  fourth  or  femoral 
limb-joint  is  a  feminine  attribute  common  to  nearly  all  the 
tribe.  It  is  safe  to  infer  that  he  had  a  female  specimen 
in  view,  while  that  which  Montagu  describes  as  having 
ovigerous  legs,  and  which  he  figures  with  the  thighs 
undilated,  was  cleai-ly  a  male. 

The  next  development  of  the  subject  by  an  English 
author  is  due  to  Leach,  who,  in  1814  ("  Zoological 
Miscellany,"  Vol.  I.,  p.  33),  founded  the  genus  Ammothea 
for  an  American  species,  leaving  to  subsequent  observers 
the  discovery  of  its  English  companions.  In  the  same 
volume  Leach  described  and  figured  his  Nymphum  gracile, 
adopting  the  distorted  form  of  Nymphun.  apparently  from 
Lamarck.  The  species,  he  says,  "  inhabits  the  British 
seas  everywhere  ;  but  as  it  never  attains  the  size  of  the 
Phalangium,  misnamed  by  Linnc  grossipes  (which  is 
figured  by  Strom  in  his  history  of  'Sondmor,'  208,  tab.  2, 
fig.  16),  we  are  doubtful  if  it  be  the  same  species  ;  but  as 
the  Linnean  name  is  so  ridiculously  inapplicable,  little  fault 
can  be  found  with  the  more  appropriate  name  for  which 
it  has  been  exchanged"  ("Encycl.  Brit.,"  Fifth  Edition, 
Art.  Anuulosa,  p  433).  Still  a  little  fault  can  be  found. 
Leach,  if  he  thought  the  English  species  identical  with 
Strum's,  should  have  adopted  Strom's  marinum  as  its 
name.  Probably  Linuceus  in  calling  it  grossipes  thought 
only  of  the  great  length  of  the  limbs,  not  of  thickness, 
which  that  word  more  properly  implies.  But  gracile,  as  it 
has  turned  out,  is  itself  not  a  good  choice,  because  it  attri- 
butes to  a  single  species  the  tenuity  which  is  characteristic 
almost  throughout   the  genus  Nymphon.      Nevertheless, 

*  See  Knowledge,  Vol.  XXV  ,  p.  187.  On  the  same  page,  14  lines 
from  the  foot  the  genus  Pallene  was  by  inadvertence  attributed  to 
Cnodsir  instead  of  Jnhnston. 


N.  gracile  holds  its  ground,  only  not  in  place  of  N.  marinum 
but  by  the  side  of  it.  N.  grossipes  (O.  Fabricius)  is  distinct 
from  both,  an  Arctic  species  likely  to  be  rare  if  found  at 
all  in  our  waters. 

In  1821,  the  American  naturalist,  Say,  described  a  new 
genus  and  species  as  Anaphia  pallida  ("Journ.  Acad. 
Philadelphia,"  Vol.  2,  p.  59),  which  has  this  particular 
interest,  that  E.  B.  Wilson,  in  1878,  admits  the  possibility 
of  having  to  cancel  his  own  Auoplodactylns  lenius  in 
favour  of  his  fellow-countryman's  earlier  names.  Tlie 
species  itself  is  described  by  Verrill  and  Smith  in  their 
treatise  on  Vineyard  Sound  (1874),  as  a  singular  long- 
legged  pycnogonid,  clinging  to  and  creeping  over  the 
hydroids  and  aseidians  on  shore  and  in  shallow  water,  and 
most  frequently  deep  purple  in  colour,  though  grey  and 
brown  specimens  are  also  often  met  with.  They  borrow 
for  it  from  yet  another  American  author  the  name 
Phoxichilidium  maxillare,  Stimpson,  1853,  but  Stimpson's 
species  is  now  accepted  as  itself  a  synonym  of  the  still 
earlier  Ph.  femoratum  (Eathke).  Sabine's  description  of 
the  great  arctic  Colossendeis  proboscidea,  in  1821,  has  been 
already  mentioned.  At  the  same  time  he  discussed  two 
arctic  species  of  Nymphon,  which,  in  a  hesitating  waj',  he 
identified  respectively  with  the  grossipes  of  0.  Fabricius 
and  the  hirtum  of  J.  C.  Fabricius.  Nymphon  is  probably 
a  masculine  form,  but  Nymphum  is  certainly  a  neuter  one, 
so  that  Sabine's  change  of  Nymphon  hirtum  into  Nymphum 
hirsutus  can  scarcely  be  commended.  None  of  his  three 
species  have  been  found  in  British  watei's,  at  least  according 
to  records  that  are  above  suspicion.  The  next  English 
writer  who  contributed  to  enlarge  knowledge,  not  only  of 
the  subject  in  general,  but  of  its  relation  to  our  own 
fauna,  was  Dr.  George  Johnston.  To  him  is  due  the  genus 
Pallene,  defined  in  1837  for  the  species  P.  brevirostris, 
from  the  coast  of  Berwickshire  (Miscellanea  Zoologica,  in 
Jardine's  "  Magazine  of  Zoology  and  Botany,"  Vol.  I., 
p.  380).  At  the  same  time  he  established  the  genus 
Orithyia,  a  good  genus,  but  with  a  pre-occupied  name,  for 
which  Milne-Edwards,  in  1840,  substituted  Phoxichilidium. 
The  representative  species  had  already  been  carefully 
described  and  figured  by  ,rohnston,  in  1832,  as  Nymphum 
coccineum  ("  Zoological  Journal,"  p.  489,  1828  on  title 
page).  Elsewhere  he  says,  "  It  lives  amongst  sea- weed  in 
Berwick  Bay,  and  when  at  rest,  with  the  legs  drawn  up,  it 
so  closely  resembles  some  of  the  fine  coloured  confervse, 
but  more  especially  a  detached  portion  of  the  Chondria 
articulata,  as  to  be  easily  overlooked.  It  appears  to  me 
interesting,  in  so  far  as  its  transparency  allows  us  to 
examine  its  circulating  system  with  an  accuracy  which, 
perhaps,  no  dissection  could  enable  us  to  amend  " 
("Loudon's  Magazine  of  Natural  History,"  Vol.  6,  p.  42, 
1833).  This  has  proved  to  be  the  Ph.  femoratum,  already 
noted  as  occurring  in  the  United  States  of  America,  and 
in  South  Devon.  If  Montagu  gives  his  species  "colour 
dusky  black,"  while  Johnston  describes  the  body  and  legs 
"  of  an  uniform  fine  transparent  red  colour,"  Sars  corro- 
borates both  by  saying  that  "  the  colour  is  generally  a  more 
or  less  vivid  red,  in  j>articular  of  specimens  from  shallow 
water,  and  sometimes  dark  brownish,  or  a  sepia  tint." 

The  year  1837,  in  which  the  American  writer  Eights 
described  his  bright  scarlet  Decolopoda  austrulis*  ("Boston 
Journ.  Nat.  Hist.,"  Vol.  1,  p.  204),  from  the  south,  and 
Johnston  inaugurated  his  new  genera  from  the  north, 
began  a  period  of  great  activity  in  this  subject.  In  1838, 
the  Italian  O.  G.  Costa  among  his  Neapolitan  "  Aracnidi," 
published  the  pycnogonid  genus,  Phanodemus,  with  three 
species   which  still  await  precise  identification.      To   the 

*  It  ij  most  probibly  this  species  for  <^hich  Rafinesque  suggested 
the  generic  name  Decatetoptis,  as  he  infdrnis  us  in  his  Autobiography, 
p.  106,   1836. 
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same  fauna  A.  Phili|)pi,  in  1843,  contributed  tliree  more 
species  in  his  genera  Endeis  and  Parihoea.  Unfortimately 
fliese  also  remain  obscure.  A  year  earlier  Henry  Goodsir 
described  as  Pephredo  hirsuta  a  species  from  the  German 
Ocean.  The  generic  name  is  preoccupied.  The  genus  is 
perliaps  the  same  as  Costa's  uncertain  Phanodemus.  In 
the  description  of  the  figure  tlie  species  is  called  by  an 


Phanodemus  collaris,   Costa.     Clearly  the  dorsal,  not,  as  Costa 
supposed,  the  venti'al  aspect. 

alternative  name  capillata.  On  the  obscurity  of  Goodsir's 
Pasithoe  vesiculosa  from  the  Firtli  of  Forth  comment  has 
been  already  made.  Hoek,  in  1881,  considers  it  "  abso- 
lutely impossible  to  recognise,"  nor  is  it  recorded  either  in 
the  "  Museum  Normanianum  "  of  1886,  or  in  Dr.  Caiman's 
still  longer  catalogue  of  specimens  at  University  College, 
Dundee,  1901.  Goodsir's  PhoxiohUidi urn  globosiim  from 
Orkney,  is  supposed  by  Sars  to  be  probably  identical  vrith 
the  often  mentioned  Ph.  fenwratum.  His  Nymphon  gigan- 
teiim,  taken  in  the  sea  at  Embleton,  off  the  coast  of 
Northumberland,  is  identiiied  witli  Strom's  N.  mariinun. 
His  N.  johnHonii,  from  the  German  Ocean,  his  N.  pelhicl- 
dam  and  N.  minuium  from  the  Firth  of  Forth  ("  Edinburgli 
New  Pliilos.  Journ.,'"  Vols.  32,  33),  and  his  later  .W.  si'm(7(« 
("Ann.  Nat.  Hist.,"  1844),  are  foundlings  which  still  utter 
feeble  but  unanswered  cries  for  recognition.  On  the  other 
hand,  his  N.  spinosiim  is  accepted  by  Sars  as  an  undoubted 
member  of  Sars's  own  genus  Chsetonymphon  (1888),  and 
his  Pallene  circularis  as  belonging  to  Wilson's  Pseudo- 
pallene,  which  as  already  shown,  is  a  synonym  of  Latreille's 
Phoxichilus.  At  the  same  period  attention  was  being  paid 
to  this  subject  by  Milne-Edwai-ds  and  Quatrefages  in 
France,  and  by  Erichson  in  Germany,  but  with  more 
searching  fulness  by  Kriiyer  in  Denmark.  The  careful 
dcscriplious  pul)lished  by  him  in  the  Danish  "' Natur- 
hislcirisU  Tidsskrift,"  were  finely  illustrated  in  the  folio 
Zoological  Atlas  to  "  Gaiuiard's  Voyage  en  Scandinavio." 
On  the  advances  made  by  Kriiyer,  and  the  mistakes  which 
even  he  could  not.  wholly  avoid,  it  is  unnecessary  here  to 
expatiate',  since  subsequent  authors  have  absorbed  all  that 
was  meritorious  in  his  work  into  more  generally  accessible 
languages.  Our  own  Adam  White  described  some  foreign 
species  in  1847,  and  two  vears  later  the  great  American 
naturalist,  J.  D.  Dana,  established  a  genus  Asiridium  for 
an  obscure  little  eastern  specimen  which   he  afterwards 


called  Pycnogonum  orientale.  The  arctic  Chsetonymphon 
hirtipes  (Bell)  was  described  in  Belcher's  "Last  of  the 
Arctic  Voyages,  1856."  In  his  useful  little  manual  of 
"  British  Marine  Zoology,"  of  that  same  year,  the  late 
Philip  Henry  Gosse  devotes  a  couple  of  pages  and  several 
figures  to  the  Pycnogonida.  It  cannot,  however,  be  said 
that  this  part  of  his  work  does  much  honour  to  the  science 
of  Great  Britain.  He  is  apparently  quite  ignorant  of 
Goodsir's  labours,  but  on  his  own  accoimt  he  supplies  us 
with  two  new  species,  Pho.i ichiliilium  olivaceuin,  unreeog- 
uisal)ly  figured,  and  Nymji/nui  /'iiimn.  Not  a  word  of 
specific  description  is  given.  AVe  are  not  told  whence  the 
species  were  obtained.  We  are  even  left  to  guess  that 
they  are  intended  for  new  ones. 

The  parasitism  of  Phoxichilidian  larvae  in  hydroid 
zoophytes  was,  it  is  said,  first  discovered  by  Gegenbaur  in 
1854.  It  was  then,  as  it  seems,  independently  observed 
by  Dr.  Allman  in  1859,  and  again,  a  couple  of  years 
later  by  Mr.  George  Hodge.  The  subject  has  been  discussed 
by  Semper,  Dohrn,  and  others,  and  in  1882  Dr.  v.  Lenden- 
feld  named  a  new  Australian  species  Phoxichilidium 
plumidariie  in  allusion  to  this  very  habit.  Hodge  published 
his  researches  in  the  "  Transactions  of  the  Tvneside 
Naturalists'  Field  Club,"  Vol.  5,  1863.  In  the  same 
volume  he  reported  ten  sjiecies  taken  between  the  Dogger 
Bank  and  the  coast  of  Northumberland.  Two  he  claimed 
as  new  to  science,  and  two,  Nymphon  hirtum,  Fabricius, 
and  N.  brevitarse,  Kroyer,  as  new  to  the  British  faima. 
But  he  subsequently  recognised  that  his  Pallene  aUenuata 
was  a  synonym  of  the  species  which  should  apparently  now 
be  called  Anaphia  petiolata  (Kroyer).  The  Fabrician 
species,  as  Chsetomjivphon  hirtum,  is  recorded  in  Caiman's 
list  as  occurring  in  the  Firth  of  Forth,  so  that  Hodge's 
determination  may  well  be  accepted.  But  in  regard  to 
N.  brevitarse,  Sars  declares  that  it  has  not  been  observed 
"either  on  the  coa.sts  of  Norway  or  England,  as  all  statements 
of  its  occurrence  there  have  unquestionably  arisen  from 
confounding  the  animal  with  either  N.  gracile,  or  quite  young 
examples  of  some  or  other  of  the  known  species"  ("Nor- 
wegian North-Atlantic  Exp.,"  p.  03,  1891).  Hodge's 
N.  brevirostre  has  since  been  recorded  from  South  Devon. 
In  the  "Annals  and  Magazine  for  18t!4  "  (Ser.  2,  Vol.  13, 
p.  113)  the  same  author  gives  a  list  of  all  the  species  up 


Parihoea  spinipalpis,  Philippi.     From  Philippi. 

to  that  date  noted  as  inhabiting  the  British  seas.  Of 
the  thirty-two,  seven  are  described  as  new  to  science, 
and  three  are  reported  as  new  to  our  fauna.  Of  the  new 
species,  two  are  placed  in  Ammothoa,  by  which  Leach's 
Ammothea  is  intended,  and  three  in  a  new  genus,  Arhelio. 
which  is  usually  deemed  to  be  not  really  distinct  from 
Leach's  genus,  but  to  represent  its  adult  forms.  Hodge's 
Ammothoa  brevipes,  a  twenty-fifth  of  an  inch  in  length, 
from  the  Durham  coast,  is  thought  to  be  probably  the 
young  of  his  Achelia  echiiiata,  now  transferred  to 
Ammoth^'a.     His  A.  longipes  from  Polperro  is  doubtfully 
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identified  In'  Hoek  witli  Ammothea  pyowgonoides,  Quatre- 
fages,  1845.  His  Achelia  Lvvls  from  Polperro  is  transfeiTed 
to  Ammothea  by  Sars.  His  Achelia  hispida,  from  the 
same  locality,  remains  unrecognized.     His  Phoxicliiliduim, 


Ammolhea  ecMnata  (ffodge)  J.     From  Sars. 

virescens,  also  found  in  Cornwall,  is  assigned  to  AnopJo- 
dactylns  (the  synonym  of  Anaphia)  by  Sars,  who  fm-ther 
makes  Hodge's  Pallene  pygmxa,  from  the  Durham  coast 
and  Plymouth,  a  synonym  of  Krijyer's  Anaphia  petiolata. 
Of  the  three  species  of  Nymphon,  Kioyer's  mixtum  and 
lonyilarse  were  taken  by  Hodge  himself  on  the  Durham 
coast,  and  Strom's  murimim  by  Norman,  who  in  his 
Shetland  dredging  report  (Brit.  Assoc.  Eep.  for  1868) 
refers  to  the  capture  as  "a  single  specimen,  the  only 
known  British  example,  dredged  in  1861  in  80  fathoms, 
40  miles  east  of  Whalsey  Skerries."  In  1867  Hodge  added 
a  new  species,  N.  rnhrum,  to  our  fauna  from  the  coast  of 
Durham. 

In  regard  to  the  still  vague  genera  and  species  which 
O.  G.  Costa  introduced  in  his  quaint  and  quaintly  named 
Italian  treatise,  "  Microdoride  mediterranea,"  we  must  be 
content  to  name  his  Plafychelus  sardonicus,  his  Alcinous 
vulgaris,  his  Alcinous  megacuphnlus,  and  to  borrow 
sympathetically  his  quotation  from  Pliny,  "In  his  tam 
pavvis,  atque  tam  uullis  quae  ratio,  quanta  vis,  quam 
inextricabilis  sapientia  !  "  which  is  as  good  as  saying  that 
in  these  little  Sea-spindles,  these  insignificant  Nobodies, 
there  is  such  plan  and  power  displayed  as  speak  of  a 
Wisdom  past  our  finding  out. 

Little  work  has  been  done  of  late  in  Great  Britain  and 
Ireland  on  the  Pvenogonida  except  bv  E.  J.  Miers  ("Ann. 
Nat.  Hist.,"  1875;  "Phil.  Trans.,"  ISVil;  "  Zool.  of  H.M.S. 
'  Alert.'  "  p.  323,  1884),  and  G.  H.  Carpenter,  the  latter  of 
whom  in  1892  ("  Proc.  R.  Dublin  Soc,"  Vol.  7)  founded  the 
genus  Farnpallene  to  receive  Hoek's  Pallene  anstraliensis 
and  a  new  species,  P.  haddonii.  On  the  other  hand,  in 
English  have  appeared  several  works  of  first-rate  im- 
portance. Thus  the  "  Challenger  "  report,  by  Dr.  P.  P.  C. 
Hoek,  in  1881,  is  a  monograph  teeming  with  instruction 
in  our  dialect,  not  in  the  author's  native  Dutch.  The 
treatises  by  E.  B.  Wilson  (1878,  1881),  and  T.  H  Morgan 
( 1891 )  do  credit  to  our  language  on  the  other  side  of  the 
Atlantic.  Dr.  Meinert,  of  Copenhagen,  in  his  excellently 
illustrated  memoir  ("  Ingolf  Exp.,"  1899)  addresses  us  in 
our  own  tongue,  not  in  Danish.  G.  0.  Sars,  in  1891,  sends 
forth  from  Christiania  his  pre-eminently  valuable  dis- 
cussion of  the  group  in  parallel  columns  of  English  and 
Dano-Norwegian,  supplementing  both,  after  his  manner, 
by  that  fine  language  of  the  pencil  with  which  printed 
words  cannot  easily  compete.     In  the  works   mentioned 


will  lie  found  long  lists  of  literature,  too  long  for  repro- 
duction here,  or  for  critical  analysis.  Only  exhausted 
limits  of  space  indeed  can  excuse  the  omission  of  Lilljeborg, 
Hansen,  Harwell,  Ives,  Ortmann,  Adlerz,  Caullery,  Pocock, 
and  others*  from  the  present  survey.  Much  has  been  said  of 
mistakes  and  obscurities,  yet  scarcely  a  page  can  be 
studied  without  finding  in  it  something  useful  and  sugges- 
tive. If  we  pride  ourselves  on  having  valued  works 
written  by  foreigners  in  our  own  vernacular,  we  have  not 
a  monopoly  of  such  distinction.  The  Italian  Philippi 
writes  in  German.  The  Russian  Schimkewitsch  writes  in 
French  and  publishes  at  Rome  ("  Atti  del  Lincei,"-  Ser.  4, 
Vol.  VI.,  1890).  Hoek's  "  Nouvelles  f;tudes  sur  les 
Pycnogouides,"  1884,  as  the  title  implies,  is  written  in 
French.  This  very  valuable  essay  includes  several 
pregnant  observations  on  Dr.  Dohrn's  fine  German^  mono- 
graph of  the  Mediterranean  Pycnogonids.  In  the  same 
way  the  Norwegian  monograph  by  Sars  not  less  usefully 
discusses  the  systematics  of  Hoek's  "  Challenger  "  report, 
and  the  whole  series  of  works,  throwing  light  each  upon 
each,  are  gradually  opening  the  way  for  well-ordered 
classification  and  luminous  understanding.  In  his  little 
"epoch-making"  essays  of  1876,  1877,  the  Italian  Cavanna 
modestly  explains  that  when  he  had  made  his  discovery 
about  the  sexes  in  this  trilie  he  could  scarcely  credit  him- 
self till  he  found  that  Dujardin,  in  1849,  and  Semper,  in 
1874,  had  practically  made  the  discovery,  without  having 
the  courage  to  believe  it.  So  it  is  in  this  small  field,  as 
Dryden  says  of  a  larger  one,  that  "  great  contemporaries 
whet  and  cultivate  each  other,  and  mutual  borrowing  and 
commerce  make  the  common  riches  of  learning,  as  it  does 
of  civil  government." 

In  the  retrospect  now  concluded,  an  endeavour  has  been 
made  to  take  note  of  all  the  genera,  good ,  bad  and  indiiferent, 
that  have  hitherto  been  set  up.  To  have  distinguished 
all  the  species  would  have  taken  far  too  long,  and  to  have 
named  them  all  without  distinction  would  have  been  more 
tedious  than  useful.  Some  details  of  organization  have 
been  left  unnoticed  as  too  technical  for  the  general  reader. 
For  naturalists  who  make  the  ocean  their  playground  it 
should  be  satisfactory  to  know  that  the  Sea-spindles  are 
obtainable  from  its  tide-marks  downwards  to  three  miles 
below  the  surface.  In  our  islands  they  are  not  scarce. 
We  can  with  some  assurance  boast  of  ten  genera,  and 
twice  that  number  of  species.  In  the  milder  Mediter- 
ranean climate  their  abundance  is  strongly  attested.  They 
flourish  in  the  arctic  regions.  We  have  reason  to  be 
sanguine  that  they  will  yield  good  results  to  antarctic 
exploration.  They  are  known  from  tropical  waters.  From 
all  the  coasts  of  Europe,  from  the  seas  of  Asia  and 
Australasia,  of  South  Africa,  and  of  America,  both  North 
and  South,  species  have  been  obtained,  so  that  the  oceanic 
distribution  of  the  tribe  may  be  described  as  cosmopolitan. 
In  natural  history  its  past  has  surely  not  been  un- 
iuteresting,  and,  one  mav  veutiu'e  to  think,  it  has  a  future. 


MODERN     COSMOGONIES. 

By  Agnes  M.  Clerke. 

III.— THE  NEBULAE  HYPOTHESIS  VARIED  AND 
IMPROVED. 

"  Restorations  "  often  go  very  far.  Things  may  be 
improved  beyond  recognition,  nay,  out  of  existence.  Sj 
it  has  happened  to  the  Nebular  Hypothesis.  Slnt  nominie 
uinhra^  The  name  survives,  but  with  connotations  in- 
definitely diversified.     The  original  theme  is  barely  recalled 

•  Prof.   A.   E    Verrill  instituttM    the   subgenus    Ammothetta,    in 
"  Trans.  Connecticut  Acad.,"  Vol.  10,  1900. 
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by  many  of  the  variations  played  upon  it.  Entire  license 
of  treatment  prevails.  The  strict  and  simple  lines  of 
evolution  laid  down  by  Laplace  are  obliterated  or  sub- 
merged. Some  of  the  schemes  proposed  by  modern 
co^mof^onists  are  substantially  reversions  to  Kant's 
"  Natural  History  of  the  Heavens  "  ;  the  long-discarded 
and  despised  Cartesian  vortices  reappear,  with  the  I'clat  of 
virtual  novelty,  in  others  ;  nor  are  there  wanting  theories 
or  speculations  reminiscent  even  oE  Buffon's  cometary 
impacts.  Moreover,  the  misleading  fashion  has  come  into 
vogue  of  bracketing  Kant  with  Laplace  as  co- inventor  of 
the  majestic  and  orderly  plan  of  growth  commonly 
designated  the  "  Nebular  Hypothesis."  This  has  been, 
and  is,  the  source  of  much  hurtful  confusion.  Save  the 
one  fundamental  idea — and  that  by  no  means  their 
exclusive  property — of  ascribing  unity  of  origin  to  the 
planetary  system,  Kant's  and  Laplace's  evolutionary 
methods  Lad  little  in  common.  Their  postulates  were 
very  far  from  being  identical ;  they  employed  radically 
different  kinds  of  "  world-stuff  "  ;  and  the  "  world-stuff  " 
was  subjected,  in  each  case,  to  totally  dissimilar  processes. 
Yet  it  is  often  tacitly  assumed  that  to  defend  or  refurbish 
one  scheme  is  to  rehabilitate  the  other.  TJnder  cover  of 
the  intellectual  vagueness  thus  fostered,  a  backward  drift 
of  thought  is  indeed  discernible  towards  the  standpoint  of 
the  Konigsberg  philosopher.  It  is  recommended,  not  so 
much  by  the  favourable  verdict  of  recent  science  as  by 
the  wide  freedom  of  the  prospect  which  it  aflbrds.  The 
imperative  guidance  of  Laplace,  reassuring  at  first,  led  to 
subsequent  revolts.  But  Kant  is  highly  accommodating ; 
one  can  deviate  widely  from,  without  finally  quitting  the 
track  of  his  conceptions  ;  they  are  capacious  and  indefinite 
enough  to  comport  with  much  novelty  both  of  imagination 
and  experience,  and  hence  lend  themselves  with  facility  to 
the  changing  requirements  of  progress. 

A  noteworthy  attempt  was  made,  in  1873,  by  the  late 
fidouard  Roche,  of  Montpellier,  to  reconstruct,  without 
subverting,  Laplace's  Hypothesis.  This  remarkable  man 
lived  and  died  a  provincial ;  only  a  few  scattered  students 
have  made  acquaintance,  at  first  hand,  with  his  works ; 
his  fame,  always  dim,  now  already  begins  to  seem  remote. 
Yet  a  score  of  years  ago  he  was  still  lecturing  at  the 
Lycce  of  his  native  town.  The  waters  of  oblivion  have 
grown,  perhaps,  more  turbid  than  of  yore.  Anyhow, 
Eoche  of  Montpellier  is  only  vaguely  remembered,  and 
that  by  a  specially  educated  section  of  the  public,  as  having 
fixed  a  limit  within  which  a  satellite  cannot  revolve  intact.* 
Nearer  to  the  ruling  planet  than  2'44  of  its  mean  radii,  it 
could  not — apart  from  improbable  conditions  of  density — 
maintain  a  substantive  globular  status  under  the  disruptive 
strain  of  tidal  forces.  In  point  of  fact,  all  the  moons  so 
far  discovered  in  the  solar  system  circulate  outside 
"  Roche's  Limit  "  ;  and  Saturn's  rings,  which  lie  within  it, 
owe  to  that  circumstance,  it  may  plausibly  be  asserted, 
their  ])ulveruleut  condition.  Professor  Darwin,  atxordingly, 
considers  knowledge  of  that  condition  to  date  from  1848, 
the  year  in  which  Roche  published  the  law  involving  it  as 
a  corollary. t 

Roche  was  the  jirecursor  of  Poiucarc  and  Darwin  in 
those  momentous  investigations  of  the  figures  of  equi- 
librium of  rotating  fluid  bodies  which  have  opened  up  new 
paths  and  disclosed  untried  possibilities  in  evolutionary 
astronomy.  His  researches,  moreover,  into  the  origin  of 
the  solar  system  I  constituted  a  reinforcement  of  primary 
account  to  the  strength  of  Laplace's  position.     He  was 

•  "  Memoires  de  I'Acad.  Montpellier,"  t.  I. 
t  "  The  Tides,"  p.  327. 

t  "  M.Mimiirs  dc  VAoad.  MoiitiH-lliov,"  t.  VIU. 


l)erhaps  its  most  effective  defender,  repairing  breaches,  and 
throwing  up  skilfully  constructed  outworks.  Adopting  the 
same  premisses,  he  drew  virtually  the  same  conclusions  as 
Laplace,  ingeniously  modifying  them,  however,  so  as  to 
evade  certain  objections,  and  temporarily  to  silence  the 
less  obstinate  cavillers.  His  results  were,  indeed,  almost 
as  difficult  to  disprove  as  they  had  been  to  obtain.  They 
were  arrived  at  laboriously,  legitimately,  by  long-drawn 
analytical  operations ;  and  the  reasonings  survive  in  f^ll 
credit,  even  although  the  initial  conditions  they  started 
from  now  wear  an  aspect  of  unreality.  Thus,  the  invention 
of  trainees  elMptiques  not  only  usefully  met  an  argumen- 
tative emergency,  but  still  remains  as  a  supplementary 
adjunct  to  cosmic  processes.  Undeniably,  polar  annula- 
tion  may  have  played  a  part  in  lalanetary  formation  ;  the 
possibility  cannot  be  gainsaid  The  '■elliptic  trains" 
investigated  at  Montpellier  were  huge  nebulous  strata 
detached  from  the  polar  regions  of  the  primitive  sphei'oid, 
which,  bringing  with  them  the  low  rotational  velocity 
l)roper  to  that  situation,  tende 3,  some  to  constitute  interior 
equatorial  rings,  others  to  become  agglomerated  with  the 
central  mass.  But  their  incorporation  should  have  had  as 
its  consequence — since  the  "  law  of  areas  "  is  inviolable— a 
(juickening  of  angular  rotation  throughout  the  nebula. 
The  "  law  of  areas,"  it  may  be  explained,  is  merely  a  short 
title  for  the  "law  of  conservation  of  moment  of  momentum," 
which  prescribes— as  we  know — that  the  sum-total  of  the 
areas  described  in  a  given  time  on  a  given  plane  by  the 
members,  or  constituent  particles  of  a  rotating  system, 
multiplied  by  their  several  masses,  remains  constant  under 
all  conceivable  cii'cumstances  of  re-arrangement  or  mutual 
disturbance.  Hence,  approach  towards  the  centre,  because 
it  narrows  the  circle,  must  quicken  the  speed  of  rotation. 
A  short  line  having  to  sweep  over  the  same  space  as  one 
of  greater  length,  its  moving  end  must  proportionately 
hurry  its  pace.  An  engulfment,  accordingly,  by  the 
embryo  sun  of  one  of  Roche's  "elliptic  trains"  would 
have  "occasioned  an  immediate  shortening  of  the  period  of 
revolution  of  both  nucleus  and  atmosphere,  an  accession 
of  centrifugal  force  producing  sudden  instability,  and,  as 
a  consequence,  the  separation  of  an  equatorial  ring.  By 
this  subtly-devised  expedient.  Roche  sought  to  explain 
away  the  difficulty  connected  with  the  wide  intervals 
between  the  planets.  For  they  originated,  he  conceived, 
not  in  the  regular  course  of  condensation,  but  through 
complications  arising  abruptly,  and  exceptionally.  The 
"  limiting  surface  "—as  he  called  it — of  the  nebula  might 
also  be  described  as  the  atmospheric  limit.  It  corresponds 
to  the  widest  possible  extension  of  a  true  atmosphere.  Its 
boundaries  are  at  the  distance  just  outside  of  which  a 
satellite  could  freely  circulate  in  the  axial  jieriod  of  its 
primary.  Now  the  limiting  surface,  if  contraction  had 
proceeded  equably,  should  have  retreated  continuously,  its 
withdrawal  being  attended  by  the  shedding  of  slender 
rivulets  of  superfluous  matter."  But  by  the  introduction 
of  "elliptic  trains,"  stability,  artificiaily  maintained  (so 
to  speakj  throughout  long  spells  of  time,  was  overthrown 
only  by  catastrophic  downrushes  from  the  shoulders  of  the 
nebulo'us  spheroid,  when,  with  the  prompt  abridgment  of 
tlie  axial  period,  the  limiting  surface  as  promptly  shrank 
inwards,  and  there  was  left,  outstanding  and  seU'-subsistent, 
the  tenuous  ring  destined  to  coalesce  into  a  phuiet.  A 
singular  and  unexplained  felicity  of  Roche's  analysis  con- 
sisted in  the  svmmetry  of  time-relations  established  by  it. 
The  successive  births  of  his  planets  appeared  to  follow 
each  other  at  equal  intervals.  Bode's  law  of  distances 
(extended  by  hiin  to  satellite-systems)  was  thus  translated 
in  terms  of  the  Nebular  Hypothesis.* 
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TCirkwood,  in  1864,*  had  recourse  to  solar  tidal  friction 
for  the  purpose  of  chanrjinw  planetary  axial  movement 
from  an  anomalous  into  the  conventional  direction.  And 
he  was  followed,  doubtless  independently,  by  Eoche,  and 
by  Eoche's  interpreter,  M.  C.  Wolf,  of  Paris.  Objections 
to  anv  particular  mode  of  planetary  formation,  oa  the 
sjroiind  that  its  outcome  must  have  been  retrograde  rota- 
tion, lost  their  validity,  they  remarked,  through  the  con- 
sideration that  solar  tidal  friction  would  have  availed  to 
redress  the  incongruity.  For  its  retarding  action  would 
have  ceased  only  when  synchronism  with  the  revolutionary 
period  was  attained  ;  that  is,  when  the  planet  wheeled  in 
its  orbit,  as  Mercury  seems  to  do,  turning  always  the  same 
face  inward  ;  and  then  already  direct  rotation  would  have 
set  in,  and,  becoming  accelerated  by  contraction,  should 
permanently  retain  the  direction  impressed  upon  it  by  the 
friction  of  sun-raised  tides.  A  certain  air  of  plausibility 
is  given  to  this  view  by  the  fact  that  the  only  two  retro- 
grade planetary  systems  are  situated  entirely  beyond  the 
possible  range  of  any  such  manner  of  influence,  and  may 
accordingly  be  supposed  to  have  preserved  unaltered  their 
primitive  fashion  of  gyration. 

The  late  M.  Faye  was  less  loyal  to  tradition  than  the 
savant  of  Montpellier.  The  appearance,  in  1884-,  of  his 
work  "  Sur  I'Origine  du  Monde "  gave  the  signal  for 
renewed  activity,  and  a  larger  license  in  cosmological 
speculation.  Conservative  opinions  on  the  subject  are 
now  rarely  held ;  the  old  groove  has  been,  by  most, 
definitively  quitted ;  enquiry  becomes  continually  more 
individual,  and  less  constrained  by  prescription.  Faye's 
reform,  however,  was  not  avowedly  of  a  revolutionary 
character.  He  did  not  make  a  clean  sweep  of  the  work  of 
his  great  predecessor,  by  way  of  preliminary  to  setting 
forth  his  own  more  perfect  plan.  Yet  his  emendations  of 
it  went  very  deep.  Laplace's  nebula  was  of  a  gaseous 
consistence,  and  it  stood  in  a  genuine  atmospheric  relation 
to  the  central  condensation.  That  is  to  say,  its  strata 
gravitated  one  upon  the  other ;  they  were  subject  to 
hydrostiitic  pressure.  Faye  ruled  things  otherwise.  The 
nebulous  matrix  which  he  postulated  was  a  vast  congeries 
of  independently  moving  particles,  forming  a  system 
governed  by  a  single  period,  in  which  both  gravity  and 
velocity  increased  in  the  direct  ratio  of  the  distance  from 
the  centre.  Now  globes  formed  by  the  method  of  annula- 
tion  (admitting  its  ])racticaliility;  out  of  materials  thus 
conditioned  should  have  j'^i^sessed,  ab  initio,  a  direct 
rotation  ;  their  axial  spinning  would  have  been  in  the  same 
sense  as  their  orbital  circulation.  And  this  it  was  which 
recommended  to  Faye  the  adoption  of  a  meteoric  structure 
for  the  inchoate  solar  system.  But  the  simple  law  of  force 
regulating  it  at  first  would,  by  degrees,  have  become 
essentially  modified.  That  of  inverse  squares,  familiarised 
to  ourselves  by  long  habits  of  thought,  woidd  have  begun 
to  supersede  it  so  soon  as  a  sun,  properly  so-called,  could 
be  said  to  exist.  The  retrograde  planets  Uranus  and 
Neptune  must,  however,  by  Faye's  supposition,  have  taken 
shape  under  the  modern  regimen  ;  they  were  then  formed 
subsequently  to  the  earth  and  all  the  rest  of  her  sister 
orbs.  This  unexpected  inversion  of  the  recognised  order 
of  planetary  age  involved  the  further  consequence  that  the 
ante-natal  offspring  of  the  sun — thus  paradoxically  to 
designate  them — must  have  drawn  closer  to  him  as  his 
attractive  power  developed,  Uranus  and  Neptune  alone 
among  the  entire  cortege  preserving  the  original  span  of 
their  orbits. 

Faye's  scheme,  if  it  did  not  meet  all  the  arduous 
requirements  of  the  problem  it  confronted,  served  at  any 
rate  to  illustrate  very  forcibly  the  devious  variety  of  tracks 
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by  which  nebular  evolution  might  advance  towards  its 
goal.  The  particular  one  chosen  was  certiinly  not  clear 
of  impediments.  In  his  pre-occupation  with  the  removal 
from  Laplace's  Hypothesis  of  the  flaw  relating  to  p'anetary 
rotation,  M.  Faye  had  discarded  its  cardinal  merit  of 
explaining  secessions  of  material  by  the  growth  of  centri- 
fugal force  ;  for  no  sufficient  reason  could  be  alleged  why 
the  remodelled  nebula  should  have  separated  into  rings.* 
The  process  implies  definite  and  special  conditions;  it 
testifies  to  a  symmetrically  acting  cause.  Laplace  brought 
such  a  cause  into  play.  Faye  abolished  it,  and  his  aunuli, 
accordingly,  wear  a  fictitious  aspect.  It  is  indeed  true 
that  an  annular  structure  is  commonly  visible  in  nebute  ; 
but  it  is  begging  a  most  arduous  question  to  assume  that 
nebular  spires  have  anything  in  common  with  planet- 
forming  rings. 

These  would  probably  never  have  been  heard  of  save  for 
the  Saturnian  example.  A  pattern  is  easily  copied  ;  an 
idea  palpably  feasible  is  tempting  to  adopt ;  a  demon- 
stration on  the  soivitur  amhuJando  principle  cannot  but 
prove  convincing.  But  how,  if  the  rings  cannot  be  made 
to  coalesce  into  globes  ':'  And  the  difficulty  of  the  trans- 
formation becomes  more  apparent  the  more  clearly  its 
details  are  sought  to  be  realised.  Eeversed  in  direction, 
it  might  better  find  a  place  in  the  order  of  nature. 
"  Analysis  seems  to  indicate,"  Kirkwood  wrote  in  1884,t 
"  that  planets  and  comets  have  not  been  formed  from 
rings,  but  rings  from  planets  and  comets." 

Faye's  theory  was  disfigured  b}'  a  still  more  glaring 
incongruity.  Nothing  in  the  planetary  economy  seems 
more  evident  than  that  the  zone  of  asteroids  marks  a 
division  bet  ween  two  strongly  dissimilar  states  of  the  solar 
nebula.  It  is  a  visible  halting-place.  One  series  of  events 
came  to  an  &nd,  and  there  was  an  interlude  before  the 
nest  began.  Dui-ing  that  interlude,  during  the  partial 
suspension  of  activity  which  ensued  upon  the  production 
of  the  Ajax  among  the  planets,  the  crowd  of  planetoids 
were  launched  to  fill  the  blank  space.  Here,  if  anywhere, 
nature  changed  her  hand,  and  tried  a  fresh  method. 
Faye's  shifting  of  the  scene  of  change  to  trans-Saturniau 
regions  is  then,  as  M.  Wolf  justly  perceived,  non-natural, 
and  undermines  the  credit  of  a  plan  to  which  the  device 
is  essential. 

On  the  other  hand,  it  had  the  merit  of  being  elastic 
enough  to  include  the  great  cometary  family.  Kant  had 
also,  although  in  an  unsatisfactory  manner,  made  room  for 
them ;  but  Laplace  had  no  choice  save  to  regard  them  as 
casual  intruders  from  space,  the  admission  of  which  as 
natives  of  his  well-ordered  domain  would  have  led  to  the 
subversion  of  all  its  harmonious  regulations.  Modern 
enquiries,  however,  prove  comets  decisively  to  be  no  such 
stray  visitors  as  Laplace  supposed,  but  to  be  of  the  same 
lineage  —however  remotely  traceable — with  the  planets, 
and  to  own  the  same  allegiance.  Drifting  with  the  sun, 
they  form  part  of  its  escort  on  its  long,  irrevocable  voyage, 
and  cannot,  save  by  accidents  of  perturbation,  be  driven 
finally  to  part  from  its  company.  The  problems  of 
planetarv  and  cometary  origin  are  then  inseparable ;  the 
two  classes  of  body  are  fellow-citizens  of  one  kingdom. 
Comets  become  only  by  compulsion  cosmopolitan  wanderers 
from  star  to  star. 

There  was  yet  another  motive,  and  semblance  of  justifi- 
cation, for  Faye's  reform  of  the  Nebular  Hypothesis.  The 
discovery  of  the  conservation  of  energy  supplemented,  as 
we  have  seen,  very  happily  the  mechanics  of  a  condensing 
nebula  by  satisfactorily  solving  the  enigma  of  solar 
radiation.     Helmholtz  was   thus  able,  in  1871,  to  sketch 
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cosmic  development  as,  iu  its  essence,  a  thermodynamic 
process  on  the  grandest  scale.  Yet  the  alliance  entered 
into,  fruitful  and  fortifying  though  it  was,  had  an 
attendant  embarrassment.  Time  had  now  to  be  reckoned 
with.  In  the  cosmogonies  of  Kant,  Herschel  and  Laplace 
the  allowance  of  aeons  was  unstinted.  Because  the  rate 
of  change  was  indeterminate,  they  might  be  permitted  to 
elapse  ad  libitum.  But  it  was  otherwise  when  the  driving- 
power  came  to  be  defined.  "Conservation  of  force" 
iinpUes  the  measurableuess  of  force.  Equivalence  cannot 
be  ascertained  where  no  limits  are  determinable.  Know- 
ledge, accordingly,  regarding  the  source  of  the  sun's  heat 
brought  with  it  the  certainty  that  the  source  was  by  no 
means  inexhaustible.  The  stock  of  energy  rendered 
available  by  shrinkage  from  a  primitively  diffuse,  to  its 
present  compact  state,  was  euomioiLs,  but  not  boundless. 
The  task  then  became  incumbent  upon  cosmogonists  of 
proving  its  sufficiency,  or  of  eking  out  its  shortcomings. 
The  prolilem  is  both  retrospective  and  prospective.  We 
look  back  towards  the  birth  of  the  sun,  we  look  forward 
to  its  demise;  and  each  eveut  has,  if  possi])le,  to  be  located 
on  our  time-scale.  Helmholtz  assigned  terms  of  twentv- 
twd  millions  of  years  m  the  past,  and  seventeen  millions 
in  the  future,  for  the  shining  of  our  luminary  with  its 
actual  intensity.  Geologists  and  biologists,  however, 
claimed  a  much  more  extended  leisure  for  the  succession 
of  phenomena  on  this  globe;  and  efforts  on  the  part  of 
physicists  to  meet  their  demands  barely  availed  to  tone 
down  without  removing  the  discrepancy.  M.  Faye  then 
came  to  the  rescue.  His  suggestion  that  the  earth  toot 
separate  form  while  the  sun  was  still  nebulous,  was 
designed  to  conciliate  the  demands  of  those  who  needed 
all  but  eternity  for  the  slow  accumulation  into  specific 
differences  of  infinitesimal  variations.  In  this  way,  a  start 
was  gained  upon  the  sun  ;  the  preparations  for  vitality 
on  our  planet  were  going  forward  long  before  the  lavish 
radiative  expenditure  designed  to  nurture  its  development 
had  begun.  The  earth,  in  fact,  was  shaping  itself  for  its 
destiny  in  advance  of  the  epoch  when  time  began  to  count 
for  the  sun. 

This  supposed  relation  of  jjrecedence  cannot,  indeed,  be 
insisted  upon  ;  it  was  imagined  to  save  a  difficult  situation, 
and  intimates  a  design  more  or  less  academic.  The 
expedient,  however,  was  significant  as  regards  the  effect  of 
the  introduction  into  modern  thought  of  the  principle  of 
the  conservation  of  energy.  It  gave  definiteness  and  a 
kind  of  solidity  to  s]5eculation  by  widening  the  basis  upon 
which  it  was  made  to  rest.  At  the  same  time  it  necessi- 
tated adjustments  between  the  exigencies  of  the  various 
sciences,  and  lirought  into  prominent  view  apparent 
incompatibilities  only  to  be  removed  by  prolonged  investi- 
gations of  wide  scope  and  intricate  bearings.  Modern 
cosmogony,  in  short,  whde  disposing  of  enlarged  means 
has  to  meet  multiplied  exigencies. 

Sir  Robert  Ball,  nevertheless,  regards  the  origin  of  the 
solar  system  chiefly  under  its  mechanical  aspect.  Like 
Helmholtz  and  Faye,  he  chooses  pulverulent  materials  to 
work  with  ;  his  nebula  is  a  "  white  nebula."  Looking  still 
further  back,  however,  he  discerns  as  its  parent  an  irregular 
"  green"  nebula,  the  jostling  movements  in  which  becoming 
regularised  by  the  elimination  of  colliding  particles,  it 
became  flattened  <lown  into  the  "  ]>lane  of  maximum 
areas"  — the  fundamental  i)lane  conformed  to  more  and 
more  closely  as  the  energy  of  a  system  inevitably  wastes. 
He  dispenses  with  the  troublesome  process  of  annulation, 
and  starts  his  planets  virtually  by  Kant's  method  of 
accidental  nuclear  condensation.*  A  spiral  structure, 
moreover,  would  be  imparted  to  the  entire  nebula  by  the 


'The  Earth's  IBofjiiitiinija,"  [i.  'liT. 


gradual  propagation  outward  of  the  central  acceleration 
due  to  contraction. 

But  would  it  have  contracted?  It  had,  by  supposition, 
reached  the  stage  of  approximate  unanimity  in  movement. 
The  great  bulk  of  its  constituent  bodies  circulated  in  the 
same  direction,  in  nearly  the  same  plane,  and  presumably 
in  orbits  not  deviating  much  from  circularity.  Their 
aggregate  condition  might  then  be  regarded  as  permanent 
and  stable  The  central  mass  would,  accordinglv,  no 
longer  be  fed  by  the  engulfment  of  particles  brought  to 
rest  by  their  mutual  impacts ;  motion  being  unimpeded, 
heat  could  not  be  evolved  ;  and  the  imagined  transforma- 
tion of  a  disc-like  meteoric  formation  into  a  sun  and 
planets  would  fail  to  come  to  pass. 

What  then,  we  may  ask  ourselves,  is  the  upshot  of  these 
various  efforts  at  reconstruction  ?  They  establish,  certainlv, 
the  unassailable  unity  of  the  solar  world ;  and  the  solar 
world  must  be  understood  to  embrace  comets  and  cometarv 
meteors.  The  arguments  fav<3uring  this  unity  have  gained 
enormously  in  cogency  through  modern  discoveries.  For 
those  depending  upon  structural  coincidences  and  har- 
monies of  movement  have  been  reinforced  by  others  of  a 
totally  different  nature,  furni-shed  liy  the  doctrine  of  the 
conservation  of  energy  and  the  teachings  of  spectrum 
analysis.  The  sun  is  hot  because  it  was  anciently 
exjjanded  ;  the  energy  of  position  formerly  Ijelonging  to 
its  particles  incontestably  provided  its  present  thermal 
energy  ;  and  this  amounts  to  saying  that  a  sphere  inde- 
finitely great  was  once  filled  by  our  inchoate  system.  The 
conclusion  that  it  arose  from  an  undivided  whole  through 
the  gradual  differentiation  of  its  parts  is  further  ratified 
by  the  identity  oE  solar  and  terrestrial  chemistry.  Thus, 
the  earth  once  made  an  integral  part  of  the  substance  of 
the  sun  ;  and  what  is  true  of  the  earth  is  no  less  true  of 
its  sister  planets. 

Regarding  the  modus  operandi,  however,  of  cosmic 
change,  there  is  no  consensus  of  opinion.  Pave  alone  has 
striven  to  elaborate  a  process  enduring  the  modern  tests 
of  feasibility,  and  his  theoiy  has  been  well-nigh  torn  to 
pieces  by  adverse  criticism.  That  there  was,  iu  the 
beginning,  a  solar  nebula,  all  are  agreed ;  but  whether  it 
was  gaseous  or  pulverulent,  whether  it  shone  with  inter- 
rupted or  continuous  Ught,  how  it  became  ordered  and 
organised.  Low  it  collected  into  spheres,  leaving  wide 
interspaces  clear,  the  wisest  are  perplexed  to  decide. 

Mr.  Moulton  concludes  from  his  careful  examination  of 
the  subject,  that  "  the  solar  nebula  was  heterogeneous  to  a 
degree  not  heretofore  considered  as  lieiug  probable,  and 
that  it  may  have  been  in  a  state  "  resembling  that  exhibited 
in  recent  photographs  of  spiral  nebula?.*  But,  even  if  all 
the  facts  do  not  chime  in  with  this  tempting  aualogv. 
there  can  lie  little  reason  to  dissent  from  his  intimated 
opinion  that  "  the  Laplacian  hypothesis  is  only  partially 
true,  and  that  we  do  not  yet  know  the  precise  mode  of  the 
development  of  the  solar  system." 


WHAT   IS  THE   MILKY    WAY? 

By  C.  E.vsTu.v,  D.sc. 

The  Milky  Way,  a  "bow  iu  the  lieAveus"  in  monochrome, 
and  permanent,  is  unfolded  on  the  celestial  vault  as  the  most 
strange  and  most  amazing  of  optical  errors.  Supposina; 
that  our  retina — an  admirable  instrument,  the  most  sensi- 
tive organ  with  which  God  has  gifted  our  body,  but  yet  far 
from  being  perfect — supposing  that  it  were  improved  to 
such  a  degree  that  the  extremities  of  its  nervous  ramifica- 
tions presented  surfaces  that  were  tea  or  a  hundred  times 

•  AHroph.  Jnurn,,/.  Vol.  \I  ,  p.  130. 
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on  a  smaller  scale  to  the  rays  of  light ;  then  the  images 
of  many  small  and  very  close  stars  would  each  had  their 
own  path  of  eommunicatiou  with  the  brain,  there  would  no 
longer  be  a  "  confusion  in  the  despatch."  It  is  true  that 
the  accumulation  of  luminous  impressions  which  takes  place 
now  would  not  be  produced,  but,  instead,  all  the  small 
stars,  down  to  a  certain  magnitude  too  feeble  for  our  per- 
ception— say,  to  the  9th  or  10th  magnitude — would  be 
seen  individually  in  the  sky.  In  such  a  case  we  should  see 
on  very  clear  nights  a  great  crowding  of  stars  along  a 
somewhat  irregular  curve  —300,000  stars  in  the  visible 
hemisphere  ;  it  would  be  like  the  great  atlas  of  Argelander, 
the  celebrated  "  Bonn  Durchmusterung,"  spread  out  on 
the  celestial  vault.  But  we  should  see  nothing  of  the 
"  Milky  Way  " — except  oa  a  somewhat  misty  sky  which 
might  produce  here  and  there  some  whitish  spots  and 
bands. 

This  word  "  Milky  Way,"  the  name  given  to  the  pheno- 
menon which  causes  this  grandiose  optical  error,  gives  rise 
to  some  rather  curious  confusions.  It  establishes  a  funda- 
mental distinction  between  the  clusters  of  stars  whose  con- 
stituents are  sufficiently  bright  and  sufiSciently  separated 
to  be  seen  as  stars  (the  Pleiades,  for  example)  and  gather- 
ings of  stars  which  produce  on  our  eye  the  sensatioa  of 
"lacteal"  light — although  the  two  phenomena  are  identical 
in  their  nature ;  whilst  the  imperfection  of  our  visual 
organ  makes  us  class  together  from  their  appearances,  but 
(juite  wrongly,  gaseous  nebulae  and  the  Milky  Way. 

The  visual  organ  is  not  equally  good  in  all  men,  and 
this  has  two  results  : — 1st.  What  is  "Milky  Way"  for  one 
man  is  not  so  for  another.  2nd.  What  is  called  "  Milky 
^^'ay  "  in  one  quarter  of  the  heavens  is  not  so  called  in 
another  qviarter. 

Those  who  are  not  accustomed  to  raise  their  eyes  in  the 
evening  higher  than  the  gas  lamps  in  the  street  scarcely 
know  the  Milky  War  at  all,  never  having  bestowed  upon 
it  more  than  a  ileeting  glance.  They  are  amazed  that 
anyone  succeeds  in  seeing  in  it  more  than  a  baud,  vaguely 
and  uniformly  luminous,  and  seen  with  difficulty. 

The  German  astronomer  Heis,  whose  piercing  sight  has 
become  famous,  counted  13  stars  in  the  Pleiades,  where 
even  very  good  eyes  see  no  more  than  "  the  hen  with  her 
five  chickens  "  :  — 

"  Quae  septem  dici,  sex  tamen  esse  soleat." 

Heis  drew  the  Milky  Way  on  his  charts  much  larger 
than  other  observers.  Without  doubt  he  saw  its  light  far 
outside  ordinary  limits.  Searle  has  recently  published  his 
observations  of  several  "  Scattered  branches  of  the  Milky 
Way."  Studying  these  attentively  in  exceptional  atmo- 
spheric conditions,  he  succeeded  in  some  parts  in  following 
these  vague  ramifications  to  regions  near  the  galactic 
pole.  The  astronomer  who  has  perhaps  best  examined 
the  details  of  the  Milky  AVay,  Dr.  Boeddicker,  of 
Lord  Rosse's  Observatory,  says  that  the  background  of 
the  sky  is  nowhere  uniformly  illuminated,  and  Mr.  Back- 
house, of  Sunderland,  has  also  written  recently  : — "  I  do 
not  tliink  there  is  a  uniformity  of  light  in  any  part  of  the 
sky  at  a  reasonable  altitude ;  it  is  a  question  whether  one 
may  not  say  there  are  streaks  and  patches  of  Milky  Way 
all  over  the  sky." 

All  who  are  familiar  with  the  appearance  of  the  sky 
subscribe  to  this.  Thus  it  would  be  possible  to  assert  that 
there  is  no  liiuit  to  the  Milky  Way.  It  would  be  more 
exact  to  say  that,  the  word  "  Milky  Way  "  hardly  lieiug  a 
definable  term,  it  does  not  seem  possible  to  establish  a 
distinction  between  vaguelj'  luminous  regions  which  are 
undoubtedly  connected  with  the  Milky  Way,  and  those  (the 
nebulous  region  of  Coma  Berenices,  for  example)  where  the 
relation  with  the  galactic  zone  is  at  least  very  doubtful. 


If  those  who  enjoy  excellent  sight  see  in  general  more 
"  galactic  light"  than  others — as  is  natural — there  are  also 
cases  where  the  want  of  good  eyesight  produces  the  efiect 
of  galactic  light  where  ordinary  eyes  do  not  perceive  it. 
A  myopic  person  will  see  the  Pleiades  as  a  whitish  spot, 
as  a  galactic  spot.*  Aud  this  brings  us  back  to  what  I 
have  just  said,  that  "  what  is  Milky  Way  for  one  person  is 
not  so  for  another."  This  is  a  consideration  which  must 
not  be  omitted  when  studying  the  Jelaih  of  the  Milky 
Wav  on  drawings  made  by  different  observers,  for  it  will 
exercise  a  certain  influence  everywhere  where  there  are 
groups  or  lines  of  stars  on  the  verge  of  visibility  to  the 
naked  eye.  To  give  yet  another  example,  which  anyone 
can  verify,  the  star  l4  Aurigse,  and  the  neighbouring  small 
stars  (between  i  Aurigse  and  (i  Tauri)  are  seen  separately 
in  a  very  clear  sky,  but  form  a  luminous  line  under 
ordinary  atmospheric  conditions  (or  for  short-sighted 
persons).  Such  luminous  lines  or  groups  could  thus 
produce  the  outlines  of  factitious  luminous  spots  on  the 
drawing ;  and  similarly  for  exceptionally  good  eyesight, 
still  feebler  stars,  grouped  in  other  fashion,  are  at  the 
limit  of  vision,  and  so  we  have  thus  one  cause  of  error. 

Another  source  of  error  and  of  divergence  is  to  be  found 
in  the  circumstance  that  to  compare  the  light  of  vague 
galactic  spots  it  is  often  necessary  to  pass  the  eye  rapidly 
from  one  spot  to  another,  and  thus  the  luminous  im- 
pressions accumulate,  and  are  confused  on  the  retina,  and 
we  think  we  see  details  which  do  not  really  exist. 

I  have  wished  simply  to  indicate  several  reasons  why  we 
can  never  expect  complete  accord  between  the  drawings  of 
the  Milky  Way  made  with  the  naked  eye.  There  are 
others  and  even  more  important  ones.  And  it  follows,  as 
it  seems  to  me,  that  the  main  point  is  to  fix  first  the 
great  features  of  the  galactic  figure,  not  paying  too  much 
concern  to  the  details,  which  are  always  uncertain,  of 
doubtful  ramifications.  For  the  same  reason  it  seems  to 
me  very  desii-able  that  all  those  who  apply  themselves  t-o 
the  naked-eye  study  of  the  Milky  Way,  so  fascinating  and 
so  useful,  should  add  to  their  drawings  descriptions  as 
detailed  as  possible. 

There  is  no  need  to  despair  of  ever  arriving  at  a  sulficient 
agreement.  By  no  means.  The  causes  of  disagreement 
which  I  have  just  indicated  have  only  a  very  limited  effect. 
Even  now,  although  we  have  only  a  very  restricted  number 
of  drawings  of  the  Milky  Way  at  our  disposal,  its  con- 
figuration can  be  settled,  as  to  its  major  features,  for  a 
considerable  portion  of  the  zone.  This  is  partly  the  residt 
of  the  excellent  work  recently  published  by  Mr  Backhouse 
("  Publications  of  West  Hendon  House  Observatory, 
Sunderland,"  No.  II.,  1902). 

The  differences  which  he  establishes  between  his  own 
observations  and  those  of  other  observers  are  often  more 
apparent  than  real  f ;  in  many  cases  they  could  be  easily 
explained  and  eliminated.  The  important  matter  is  to  be 
able  to  coui])are  with  each  other  a  great  number  of  drawings 
made  independently.  I  need  only  refer  to  wliat  Mr. 
Maunder  has  said  in  his  book  ("  Astronomy  without  a 
Telescope"),  as  the  readers  of  Knowledge  have  no  doubt 
seen,  as  to  the  service  to  the  science  which  the  friends  of 
astronomy  could  render  even  without  the  possession  of 
any  instniment.J 


*  It  is  true  that  these-  six  stars  would  not  certainly  produce  so 
brilliant  an  effect,  even  for  normal  evesigbt,  if  their  brightness  were 
not  enhanced  by  the  luminous  background  produci'd  by  the  myriads 
of  stars  on  which  they  are  projected. 

t  In  the  majority  of  eases  they  are  due  to  imperfections  in  tlie 
reproductions. 

X  I  may  perhaps  be  allowed  to  note  here  that  "  charts  for  inserting 
the  Milky  Way  "  are  to  be  had  free  of  expense  from  the  Editor  of 
Popular  Asirottomi/,  or  from  Dr.  A.  Pannekoek,  Observatory, 
Leiden. 
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Even  in  the  matter  of  details,  the  agreement  between 
different  observations  is  very  often  remarkable.  Between 
the  two  small,  very  near  stars,  ttj  and  iTo  Cygni,  in  the 
extreme  north  of  the  constellation,  the  luminosity  becomes 
slightly  hollow  towards  the  south.  But  this  little,  almost 
insignificant,  detail,  which  really  exists — it  can  be  seen 
also  on  the  j^hotographs — is  to  be  found  in  all  the 
descriptions  and  drawings  that  I  have  examined. 

There  is,  therefore,  no  need  to  be  in  despair  that  we 
shall  never  succeed — and  even  soon — in  depicting  in  a 
definitive  manner,  and  in  fair  detail,  the  status  presens,  of 
the  visil)le  galactic  phenomenon.  It  would  be  a  great 
accom])lishment,  and  for  two  reasons.  First,  because  it 
is  always  important  to  record  as  faithfully  as  possible  in 
the  storehouse  of  our  observations  all  that  nature  pre- 
sents to  us  ;  it  is,  so  to  speak,  the  first  duty  of  all  who 
study  nature.  And  we  can  already  see  of  what  use  such 
a  document  may  prove  to  future  astronomers  Is  it  not 
strange  that  Ptolemy  in  his  description  of  the  Milky  Way, 
so  comparatively  exact,  recoi'ded  in  the  138th  year  of 
our  era  in  "  The  Almagest,"  says  nothing  whatever  of  the 
bright  regions  in  Scutum  ?  We  cannot  surely  admit 
that  all  this  region  of  the  Milky  Way  was  invisible  1800 
years  ago  ;  more  probably  the  copyists  have  made  an 
omission.  Nevertheless,  if  Ptolemy's  description  had  come 
down  to  us  in  greater  detail  and  better  preservation,  we 
should  be  in  a  position  to-day  to  affirm  that  the  phenomenon 
had  been  invariable  in  its  general  form  throughout  2000 
years.  It  is  not  impossible  that  very  slow  changes  in 
brightness  have  come  about  in  the  case  of  most  of  the 
stars  situated  in  the  same  region  of  the  sky ;  they  could 
be  detected  by  a  comparison  of  observations  made  at  very 
distant  epochs  of  time.  Ought  we  not  therefore,  now,  to 
make  an  effort  and  devise  to  posterity  a  document  for 
such  a  comparison  ? 

But  another  question  is  raised  here.  These  efforts  to 
obtain  a  representation  of  the  Milky  Way,  as  it  appears  to 
the  naked  eye,  are  they  not  useless  in  view  of  the  enormous 
jirogress  of  celestial  photography  in  late  years — progress 
that  does  not  seem  to  have  yet  reached  its  term  ? 

I  lielieve  that  this  objection  ought  not  to  hinder  us. 
Certainly  the  gigantic  eye  of  the  telescope  and  the  perfected 
"  retina"  of  the  photographic  plate  are  admirable  instru- 
ments, and  in  particular  stellar  photograjihs  are  of  the 
highest  value.  But  at  the  same  time  let  us  not  be 
ungrateful;  our  eye,  the  simple  human  eye,  has  also  its 
advantages.  Even  the  imperfection  of  the  visual  organ  — 
and  this  is  a  very  interesting  point— enables  us  to  altain 
one  thing  that  photography  is  powerless  to  do  :  the  im- 
pression of  the  whole.  It  embraces  and  registers  in  a 
single  glance,  in  a  single  instant,  everything  that  is 
])resented  to  it.  The  photographic  plate  on  its  side  is,  at 
first  insensible,  it  takes  time  .  .  .  only  it  catches  uj)  again  ! 
It  accumulates  slowly,  during  consecutive  hours,  during 
whole  nights  if  we  wish  it,  and  in  gathering  up  its  treasures 
of  hidden  light,  it  exposes  to  us  stars  that  the  greatest 
telescope  can  scarcely  reveal.  .  .  .  Oidy  these  are  not, 
so  to  speak,  "  ])hotographs  of  the  Milky  Way,"  though 
they  !ire  often  so  called.  They  are  ])hotogra])hs  of  stellar 
groups,  more  or  less  numerous,  in  the  Milky  Way.  The 
optical  phenomenon  of  the  Milky  Way  evidently  cannot  be 
rendered  by  a  process  of  this  nature.  If  finally  we  find 
forming  on  the  plates,  spots  analogous  to  the  galactic  spots, 
they  spring  Iroiii  other  causes  ;  jiartly  since  the  appearance 
of  such  an  image  viewed  from  a  certain  distance  produces 
an  optical  illusion  to  our  eyes  comparable  to  that  pro- 
duced by  the  Milky  Way. 

The  ])hotographic  process  has  errors  of  its  own.  The 
light  ot  a,  star  gives  rise  to,  not  a  luminous  point,  but  a 
little  disk,  which  is  far  from  being  circular,  esjiecially  near 


the  edges  of  the  plate,  and  in  the  case  of  fairly  bright 
stars  this  can  spread,  and  may  "  eclipse  "  the  small  stars 
near.  And  if  we  examine  such  a  plate  carefully,  especially 
if  we  compare  it  with  other  plates  which  have  been  exposed 
for  a  longer  time,  we  often  find  that  the  small  luminous 
spots  which  are  to  all  appearance  but  single  stars,  are  in 
reality  groujjs  of  stars  close  together. 

A  more  serious  drawback  in  celestial  photography  is 
that  we  cannot  yet  succeed  in  obtaining  anything  more 
than  a  narrow  degree  of  uniformity.  This  is  easily 
explained  when  we  consider  the  diversity  of  the  instru- 
ments, the  condition  of  the  atmosphere,  etc.  So  far  it  has 
only  been  possible  to  remedy  in  but  an  insufficient  manner 
this  important  obstacle,  and  at  least  for  photographs 
taken  by  different  people  at  different  times  and  places,  it 
comes  aljout  sometimes  that  two  photographs  of  the  same 
celestial  region  present  considerable  differences,  even  where 
care  has  been  taken  to  bring  the  conditions  into  as  much 
accord  as  possible.  The  enthusiasm  is  much  moderated  of 
those  who  a  few  years  ago  saw  in  imagination  observations 
which  were  entirely  "  mechanical " — the  astronomers  being 
henceforth  relegated  to  their  desks. 

I  do  not  wish  to  dwell  here  on  the  difference  between 
the  actinic  light  of  stars  which  alone  affects  the  photo- 
graphic plate  and  the  light  which  imjjresses  our  eyes. 
This  difference,  and  the  variety  between  the  two  kinds  of 
images  which  result  from  it,  is  enough  of  itself  to  establish 
the  need  for  visual  observations. 

We  might  even  find  cause  for  astonishment  that  the 
appearances  of  "'photographs  of  the  Milky  Way"  and  of 
drawings  should  sometimes  show  so  great  a  resemblance* — 
and  it  probably  proceeds  from  the  fact  that  for  the  very 
faint,  inferior  magnitudes,  the  great  mass  of  the  stars  in 
the  Milky  Way  are  nearly  of  the  same  specti-al  type. 

I  have  thought  it  useful  to  enter  somewhat  in  detail 
into  a  question  that  seems  to  me  of  interest,  especially  for 
naked-eye  observers.  In  conclusion,  I  would  like  to  say 
something  about  the  relation  to  each  other  of  the  optical 
phenomenon  of  the  Milky  Way  and  of  the  physical 
phenomenon — the  Galaxy  or  the  galactic  system.  But  it 
is  a  delicate  question,  where  it  is  for  the  moment  of 
importance  to  affirm  mithing  and  to  accept  results  only  as 
provisional. 

What  are  the  star.s  which  ])roiluce  the  optical 
phenomenon  ? 

In  the  first  place,  is  there  not  here  something  l>eside 
stars  ?  Nebulosities,  sometimes  brilliant  ones,  are  shown 
by  photographv  to  be  present  in  many  parts  of  the  Milky 
Way  ;  do  they  not  play  in  it  an  important  role  ? 

But  there  is  little  probability  that  this  is  so.  Evidently 
the  rays  emitted  by  these  nebulosities  are  extremely  ;ictinic. 
That  means  that  probably  they  make  litth;  or  no  impres- 
sion on  our  visual  organ.  It  is  even  possible  to  make  a  little 
experiment  in  this  matter.  For  this  I  chose  a  very  brilliant 
region  of  the  Milky  Way — between  a  and  J  Cygni.  In 
the  small  chart  annexed  (Pig.  1)  I  have  traced  as 
accurately  as  possible  the  contours  of  the  luminous  spot 
taken  from  tlie  drawings  of  Heis,  Houzeau,  Panuekoek, 
Boeddicker  and  my  own.  As  might  be  expected,  the 
divergences  are  fairly  great  ;  still  the  tracing  on  t;  e  whole 
differs  so  widely  from  the  contours  of  the  celebrated 
"America  Nebula"  which  makes  this  region  such  a  brilliant 
one  on  the  ]ihotographic  plate  (st-e  Dr.  Max  Wolfs  photo- 
graph reproduced  in  tills  nuinlier  of  Knowi.epoe^.  that  I 
consider  it  established  that  even  this  nebula  does  not 
sensibly  affect  the  human  eye. 

•  A  oompni-ison  between  Cliiii't  I.  of  my  "Voie  Laet^e  dans  rbenii- 
•spll^l•e  boiviir'  and  Barnai-d's  pliotogrnphs  of  tlie  regions  between 
Altair  and  Scutum  (Aslrophysical  Journal,  I.)  is  very  instructive 
fi-oin  tliis  point  of  view. 
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Let  us  then  confine  ourselves  to  the  stars.  Theoreti- 
cally we  mii^lit  assert  that  all  stars,  however  minut«, 
exercise  an  influence  on  our  retina — and,  consequently  on 
the  drawiui^ — provided  that  they  are  sufficiently  numerous 
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Fig.  1. — Drawings  of  a  Galactic  Spot  (a— A  Cygni)  compared  with 
the  contours  of  a  brilh'aiit  nebulosity.  (The  outlines  of  the  drawings 
have  been  indicated  by  dotted  lines,  ic. ;  the  form  of  the  great  nebula 
is  indicated  by  little  crosses.  The  nuiubeis  of  the  stars  are  those  of 
Flaiustecd  (underlined),  or  of  the  General  Catalogue.) 

and  sufficiently  crowded.  The  stars  visibly  separate  to  the 
naked  eye  are  naturally  excepted.  But  in  practice  the 
question  may  be  thus  put:  What  order  of  brightness 
exercises  the  greatest  influence  ? 

Here,  again,  it  is  always  the  point  to  know  if  the  stars 
form  groups  that  are  crowded  enough.  But  taken  in 
general,  we  can  nevertheless  show  that  the  1)rilliant  stars, 
at  least  to  the  9th  magnitude,  do  not  exercise  a  preponderant 
influence.  This  was  demonstrated  some  years  ago  by 
Plussmau,  by  means  of  a  chart  on  which  he  had  drawn  by 
gradations  of  colour  a  "  theoretical  Milky  Way  for  Arge- 
iander's  stars  "  (to  about  9-5  magnitude),  in  giving  naturally 
to  the  brilliant  stars  a  greater  part  of  the  total  light  of 
a  certain  portion  of  the  sky  than  to  the  faint.  This  chart 
—  which  was  published  in  "  Himmelskunde  "  (Freiberg,  i., 
Br.  1898)  — sbows  well  a  certain  resemblance  with  the 
course  of  the  Milky  Way,  but  also  considerable  diver- 
gences. It  is  certain  that  these  divergences  are  due  to 
feebler  stars  than  those  ia  the  Bonn  Catalogue.  Some 
time  ago  I  tried  to  elucidate  this  question  by  comparing 
the  distribution  of  the  stars  of  different  classes  with  the 
distribution  of  the  galactic  light  in  certain  regions  of  the 
sky  (Knowledge,  August,  1895),  and  in  a  more  recent 
paper  I  pushed  this  enquiry  further. 

In  a  very  briUiant  region  of  the  Milky  Way,  to  the  south 
of  y  Cvgni  (Fig.  2),  I  have  taken  a  surface  measuring  I^ 
iu  declination  and  4  minutes  in  right  ascension  (co- 
ordinates for  18550  :  a  =  20h  2m.  30s.  to  20h.  6m.  80s.  ; 
S  =  36^  +  37°.  A  single  star  (25  Cygni,  B.D.  3907, 
mag,  5'5  Arg. ;  5'2  H.P.)  is  visible  to  the  naked  eye  in 
this  region.  On  a  photographic  plate  by  Prof  Max  Wolf, 
of  Heidelberg,  I  have  observed  and  classified  as  carefully 
as  possible  all  the  stars  included  in  it,  drawn  with  their 
t  stimated  magnitude.  They  seem  joined  together  on  the 
drawing* — 1760  are  counted,  classified  as  follows  : 

*  For  particulars  of  these  researches,  I  must  refer  the  reader  to  my 
recent  article  "  The  Distrioution  of  the  Galactic  Light,  &c."  in  the 
•'Terhandelingen  de  I'Atadcmie  Boy.  des  Sciences  des  Pays-Bas, 
VIII.,  3. 

On  the  same  area  of  the  sky  on  which  these  1760  stars  are  counted, 
there  is  but  one  visible  to  the  naked  eye  ;  a  short  exposure  gives  40. 
(Compare  Mrs.  MaunJer's  pliotograph  reproduced    in  K>owledge, 


Estiuiated 

Mag. 
7-6—  80 
8-1—  8-5 

8  6-  90 
91—  9  5 

9  6-100 
101— 10-5 
10  6—110 
111— 115 
11-6-120 
121— 12-5 
12  6— J  30 
131— 13o 
13-6-140 

Total 


Nnmljer-  of 

Stars. 

1 

6 

6 

17 

42 

fjl 

103 

135 

134 

141 

1,S8 

229 

697 

1760 


Total  light  produced 
by  each  class. 

243 

923 

584 
1048 
l'!39 
1509 
1613 
1338 

840 

660 

472 

362 

697 

11,828 


These  magnitudes  are  only  estimated ;  they  cannot  be 
identical  with  Pickering's  scale,  for  example,  and  the 
limits  cannot  be  constant.  But  in  any  case  it  is  clear  that 
about  half  the  total  light  (the  share  of  each  class  of  stars 
iu  the  total  light  has  been  indicated  in  the  last  column  of 
the  table,  the  brightness  of  a  star  of  the  first  class 
having  been  taken  as  unity)  is  due  to  the  magnitudes  9-6 
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FiQ.  2.— 3j,,',n„tli  part  of  the  Sky:    1760  Stars. 

to  Ho,  or  9th  to  12tli,  and  that  even  large  errors  in  the 
estimation  do  not  sensibly  modify  this  result;  that  neither 
the  relatively  bright  telescopic  stars  (6th-9tli  mag.)  nor 
the  exceedingly  feeble  stars  (r2th-14th  mag.)  exercise  any 
considerable  influence  in  the  production  of  the  optical 
phenomenon  of  the  Milky  Way.  A  similar  investigation 
in  a  region  of  the  Milky  Way  much  less  brilliant  leads  to 
almost  the  same  result. 

December,  1900 ;  though,  doubtless  the  negative  would  show  a 
greater  number  of  stars.) 

If  the  entire  sky  were  strewn  as  profusely  with  stars — though  it  is 
plain  that  is  far  from  being  so — photography  would  show  us  90 
millions  of  stars  down  to  magnitude  14. 
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THE      "AMERICA'      NEBULA      IN      CYGNUS 

Photographed     by     Dr.     Max     Wolf. 
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But  may  we  conclude  that  it  will  be  the  same  in  all  the 
other  regions  of  the  Milky  Way  ?  Here  again,  though  we 
must  not  positively  affirm  anything,  I  am  inclined  to 
believe  that  more  complete  investigations  will  not  Inad  to 
very  materially  different  results.  Still  we  already  know 
that  the  distribution  of  different  stellar  classes,  in  this 
connection,  is  not  the  same  for  different  regions  of  the 
zone.  Thus,  when  we  treat  of  the  "  relative  frequency  " 
of  stars  of  different  magnitvides  as  we  have  done  above  for 
near  y  Cygui,  we  can  say  that  the  mean  brilliancy  of  stars  in 
the  Milky  Way  approximates  much  more  nearly  to  the 
bright  classes  in  the  northern  regions  near  Cepheus, 
whilst  this  mean  magnitude  is  much  feebler  towards  the 
south  in  the  regions  of  Aquila  and  Scutum.  I  have  tried  to 
explain  in  former  numbers  of  this  magazine  (Knowledge, 
1902,  July  and  August)  for  what  regions  these  peculiarities 
of  distribution  appear  to  me  of  the  greatest  interest  for 
leading  us  to  conclusions  as  to  the  probable  distance  of 
parts  of  the  Milky  Way. 

Uotterdam. 

THE  SURROUNDINGS  OF  THE  "AMERICA" 
NEBULA. 

By  Dr.  Max  Wolf,  f.r.a.s. 
Photographs  of  this  fine  nebula  have  been  published 
not  only  by  myself  (Knowledge,  1902)  but  also  within 
the  last  few  months  by  Dr.  Roberts  and  by  Professor 
Barnard.  On  these  occasions,  however,  only  the  nearest 
surroundings  have  been  reproduced.  Owiug  to  the  great 
interest  of  this  beautiful  object  I  have  prepared  a  repro- 
duction of  a  whole  plate,  showing  the  situation  of  the 
nebula  in  the  thick  cloud  of  the  Milky  Way,  which  is  so 
striking  to  the  naked  eye  as  we  look  eastward  from  Deneb. 
On  this  reproduction  we  see  much  better  the  faint  nebulous 
matter  filling  the  dark  channels  between  the  stars  to  the 
east  and  west  of  the  "America"  Nebula.  The  great 
differeijce  in  appearance  between  the  crowds  of  stars  and 
the  nebulous  parts  is  very  well  seen.  The  most  interesting 
parts  seem  to  be  the  streams  and  clouds  at  the  western 
side  of  "  America  "  between  the  bright  stars.  The  repro- 
duction is  of  the  same  size  as  the  original  plate,  and  is 
made  by  contact  printing  only,  and  without  any  retouching. 
Scale: — One  degree  =  thirtv-five  millimetres. 
Koiiigsfidil,  Heichlhenj,  February,  1903. 
-♦- 

[Tbe  Editors  do  not  liold  themselves   responsible    for   the   opinions 
or   statements   of   correspondents.] 

RAKE  CONDITION  OP  THE  HUMAN  HAIR. 

TO   THE   EDITORS    OF    KNOWLEDGE. 

Sirs, — If  one  examines  closely  the  variations  of  the 
hair  on  many  human  subjects,  interesting  facts  frequently 
appear.  One  of  these  I  found  lately  on  the  bauds  of  a 
man  aged  23,  whose  skin  was  generally  very  hairy.  The 
dorsal  surfaces  of  his  hands  and  fingers  presented,  in  the 
\isual  jtlaces  where  hairs  are  found,  groups  of  black  points, 
and  among  these  a  very  few  stmy  liairs  of  ordinary  length. 
On  the  dorsum  of  the  hand  the  black  points  were  only 
seen  at  the  radial  and  ulnar  bonk>rs,  the  surface  between 
being  clothed  with  iiair  of  the  nsual  kind.  When  one's 
finger  was  passed  over  these  black  points,  against  the 
proper  slope  of  hair  of  the  part,  the  skin  felt  quite  smooth. 
Examination  with  a  lens  showed  that  the  black  jioiuts 
were  shafts  of  hairs  which  did  not  project  above  the 
epidermis.  The  appearance  was  indeed  more  like  that  of 
the  black  dots  so  coninion  on  other  parts  of  the  sliin,  and 
due  to  acne,  than  like  the  ordinary  worn-down  appearance 


of  hairs,  and  the  man  said  that  as  far  as  his  recollection 
went  Vjack  he  had  noticed  the  black  points  to  be  just  as 
they  are  now.  I  may  add  that  no  similar  state  of  the 
skin  and  hairs  was  to  be  found  on  the  feet.  This  condi- 
tion of  the  human  hair  is  very  rare,  and  I  have  never  met 
with  it  before.  As  far  as  it  goes  it  supports  the  view  that 
the  worn-down  bristly  state  of  the  hair  on  the  digits,  so 
often  found  in  man,  is  due  to  a  mechanical  cause,  viz  , 
constant  friction  of  the  hair  against  external  objects,  and 
not  to  any  true  degeneration  of  man's  hairy  covering  of 
which  this  is  a  small  part.  The  phenomenon  noted  here, 
dating  as  it  does  from  a  very  early  period  of  life,  tends  to 
show  that  the  worn-down  state  of  the  hair  was  inherited. 

Walter  Kidd. 


SOLAR     ACTIVITY     AND     TERRESTRIAL 
MAGNETISM. 

TO    THE    EDITORS    OF   KNOWLEDGE. 

Sirs, — In  a  recent  contribution  to  the  Astrophygical 
Journal  (November,  1902),  the  writer  of  the  same,  Mr. 
A.  L  Cortie,  throws  doubt  on  the  observations  made  by 
Prof.  Young  at  Sherman  in  1872,  and  contends  that  the 
phenomena  observed  by  Prof.  Young  do  not  stand  in  the 
relation  of  cause  and  effect,  as  regards  some  sharp  twitches 
of  the  magnetic  needle,  apparently  synchronous  with 
several  directly  observed  spectroscopic  disturbancjs.  I 
have  always  attached  great  importance  to  these  particular 
observations  of  Prof.  Young,  who,  needless  for  me  to 
say,  is  a  most  conscientious  and  careful  observer.  His 
observations  not  only  deal  with  a  solar  disturljauce  and  not 
with  a  spot  as  such,  but  they  incidentally  favour  the  idea  of 
a  8pH-located  cause.  Mr.  Cortie,  as  I  understand,  takes  uj) 
the  position  that  spot-areas  cannot  be  directly  expressed  in 
values  of  magnetic  force.  Prom  this  view  I  think  hardly 
anyone  will  be  prepared  to  differ,  but  that  opinion  does 
not  necessarily  include  the  displacement  from  the  sun  of 
the  cause  of  the  terrestrial  magnetic  disturbance.  At  any 
rate,  many  observational  reasons  point  the  other  way. 
These  I  gave  your  readers  in  a  letter  on  this  subject  in  the 
December  issue  of  Knowlkdge. 

On  looking  the  matter  up  again  in  Young's  "  The  Sun." 
I  come  to  the  conclusion  that  to  label  Young's  observations 
and  deductions  "  coincidences  "  is,  in  my  humble  opinion, 
unjustified.  At  the  same  time  it  must  be  stated  that 
Young  himself  leaves  the  matter  pretty  much  an  open 
question.  Mr.  Cortie  tells  me  that  if  I  did  study  the 
curves  for  the  days  in  question  I  should  modify  my 
opinion.  I  went  to"  examine  the  Greenwich  observations, 
but  was  unable  to  find  a  record  of  the  curves,  and  must. 
therefore,  rely  on  the  di.igram  given  in  "  The  Sun  "  as  a 
faithful  re]n-esentation  of  the  magnetic  records  of  the  two 
days.  And  there  are,  on  August  3rd.  1872,  three  distinct 
solar  paroxysms  taking  ]>lace  at  clearly  defined  time- 
intervals,  each  strictly  simultaneous  with  the  mechanically 
recorded  magnetic  disturbances.  The  diagrams  do  not 
evince  suflicient  general  excitement  to  screen  in  the  least 
the  three  distinct  jerks  of  the  needle.  Contrary  to  Mr. 
Cortie's  opinion,  I  consider,  therefore,  the  case  just  cited 
as  much  more  convincing  than  the  one  which  took  place 
two  days  later,  in  the  proportion  of  three  events  ag.iinst 
one.  Mr.  Cortie  misses  the  point  when  he  says  of  the 
second  case  that  it  was  nothing  unusual,  because  it 
occurred  at  the  tag  end  of  a  magnetic  storm.  .  The  point 
is  that  particularly  strong  outbursts  on  the  sun  were 
directly  observed  at  a  definite  time  and  the  magnetic 
recording  instrument  resptmded  at  that  pi-ecise  moment  by 
distinct  and]  ironouncedly  sharp  excursions.  For  this  reason 
then  is  the  case  of  August  3  stronger,  inasmuch  as  this  sya- 
chn-iiisni  r.'iiciiled  itself  three  times  within  3^  hours. 
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Let  me  add  to  the  above,  that  Lord  Kelvin's  si)-called 
theoretical  proof  of  the  sun's  inability  to  raise  a  terrestrial 
magnetic  storm  has  never  lirouglit  a  grain  of  conviction  to 
my  self-reliant  mind,  and  therefore  I  do  not  feel  called 
upon  to  look  for  electrified  corpuscles  outside  the  sun,  whicli 
are  credited  by  some  as  taking  part  in  the  intervention  of 
the  forces  concerned.  This  is  very  much  like  robbing 
Peter  to  pay  Paul,  apart  from  the  fact  that  tlie  observational 
objections  to  which  I  have  already  referred  are  in  no  way 
satisfied  b;'  such  and  similar  propositions.  Be  it  also 
lemembered,  that  one  authentical  case  disposes  of  Lord 
Kelvin's  '•  impossilile  "  dictum.  In  my  opinion,  the  whole 
process  is  one  of  "  induction,"  and  the  amount  of  work  to 
bo  done  by  the  sun  to  raise  a  terrestrial  magnetic  storm  is 
merely  a  question  of  the  sim's  electric  potential  where 
disturbances  occur,  and  of  electrical  conductivity  of  the 
luminiferous  ether  lietween  sun  and  earth,  both  iitterly 
unknown  quantities  to  Lord  Kelvin. 

Albert  Alfred  Buss 

9,  Grosvenor  Square,  Ashton-on-Mersey 

CIRCTJLAK    RAINBOWS. 

TO   THE    EDITORS    OF    KNOWLEDGE. 

Sirs, — In  reading  over  the  correspondence  Lu  your 
columns  on  "  Kainbow  "  in  the  Feliruary,  Septemlier,  and 
October  munbers  of  Knowledge,  1901, 1  thought  it  might 
lie  worth  while  mentioning  one  thing  I  have  noticed  about 
rainbows  while  at  sea,  that  is,  that  under  certain  conditions 
the  rainbow  is  seen  as  a  complete  circle.  The  conditions 
required  are.  the  oliserver  should  be  situated  on  a  mast  or 
s<iniething  of  small  diameter  which  does  not  prevent  the 
sun  from  shining  on  the  rain  falling  in  the  vicinity  ;  he 
must  be  at  least  about  50  feet  above  the  sea  level ;  the 
higher  he  is  the  more  brilliant  will  the  colour  appear  of 
that  part  of  the  circle  projected  on  the  sea.  But  I  have 
found  that  at  a  height  of  about  150  feet,  the  colour  of  the 
part  with  the  sea  or  the  deck  of  the  ship  for  a  background 
is  cjuite  as  brilliant  as  the  coloiu-  in  the  part  projected  on 
the  clouds,  which  forms  the  rainbow  to  an  observer  at  the 
sea  level. 

Then  as  regards  the  sun's  altitude  ;  if  it  is  over  42°  then 
the  w'hole  circle  is  projected  on  the  sea.  I  have  seen  this 
circle  where  the  sun  had  an  altitude  of  over  75°,  but  then 
the  circle  crossed  the  vessel's  deck.  Of  course  it  could  loe 
seen  with  the  sun  in  the  zenith,  but  it  would  be  almost 
inqiossible  for  it  to  l>e  raining  and  the  sun  to  !«  shining 
in  the  same  spot  where  the  sun  is  at  that  altitude. 

Although  I  have  spoken  of  this  "  rainbow  "  as  a  circle, 
it  appears  as  a  circle  only  when  the  sun's  altitude  is  over 
42°.  When  the  sun's  altitude  is  less  than  42^,  and  part  is 
projected  on  the  sky  and  part  on  the  sea,  then  it  appears 
to  be  an  ellipse,  a  line  drawn  from  the  centre  of  the  bow 
proper  to  that  part  of  the  ellipse  close  to  the  observer 
forming  the  major  axis.  "When  there  has  been  a  secondary 
bow  visible  from  the  deck,  I  have  often  gone  aloft  high 
enough  to  see  the  primary  as  a  complete  elHpse,  but  have 
never  seen  any  more  of  the  secondary  bow  than  was  visible 
from  the  deck. 

In  writing  this  I  may  only  be  rejieating  what  has  often 
been  noticed  before,  but  I  have  never  seen  it  mentioned 
anywhere.  Charles  C.  Dixon. 

Liverpool. 


born  at  Newcastle  on  August  7th,  1841,  and  eventually 
settled  down  in  London  as  an  engineer ;  but  in  addition  to 
his  business  life,  he  devoted  much  time  and  energy  to 
astronomy,  especially  to  the  construction  of  large  reflecting 
telesco])es.  Early  in  life  he  possessed  a  5i-inch  refractor, 
and  in  187(5  he  was  observing  with  an  18-iuch  reflector; 
but  not  satisfied  with  this,  he  t>onstructed  a  3-ft. 
equatorial  reflecting  telescope,  with  a  silver-on-glass 
reflecting  surface.  A  slight  delay  was  exjjerienced  in 
getting  this  instrument  to  work,  as  the  first  mirror  burst 
into  fragments,  but  in  1879  the  second  mirror  was  success- 
fully mounted.  Recognizing  the  value  of  photography, 
he  had  already  applied  it  to  obtain  records  of  the  Pleiades 
and  other  regions,  but  with  this  increased  optical  power 
he  at  once  turned  his  attention  to  secure  impressions  of 
nebula;,  and  it  was  with  this  instrument  that  he  obtained 
the  splendid  photograph  of  the  Nebula  in  Orion,  gained 
an  astronomical  reputation,  and  won  the  gold  medal  of  the 
Royal  Astronomical  Society.  Other  observations  with  the 
8-ft.  enabled  an  error  in  the  ephemeris  of  Mimas,  the 
satellite  of  Saturn,  to  be  corrected.  However,  with  3-feet 
aperture  the  ambition  of  Dr.  Common  was  not  yet  reached, 
for  in  1880  he  ordered  a  61- inch  disc  of  glass,  and 
eventually  successfully  completed  his  5-ft.  reflector,  which 
perhaps,  with  a  newly-silvered  mirror,  is  the  most  light- 
grasping  instrument  ever  constructed,  and  although  it 
never  established  the  record  that  the  smaller  obtained, 
and  has  again  recently  secured  at  the  Lick  Observatory, 
yet  it  is  doubtful  if  some  of  the  unpublished  photographs 
of  Jupiter  and  Saturn  taken  with  it  have  been  surpassed. 

Space  will  not  permit  mention  of  more  than  a  few  of 
the  mechanical  difficulties  he  overcame  in  these  mammoth 
instruments — the  successful  silvering  of  large  mirrors,  the 
floating  of  the  polar  axis  to  reduce  friction,  and  the  slipping 
plate  to  correct  clock  irregularities. 

He  was  elected  a  Fellow  of  the  Royal  Astronomical 
Society  in  1876,  and  of  the  Royal  Society  in  1S85.  and 
was  President  of  the  former  Society  in  1895-6.  He  was 
an  honorary  ll.d.  of  St.  Andrews,  and  filled  many  offices 
in  connection  with  astronomy. 

Of  late  years  his  energies  had  teen  largely  devoted  to 
the  application  of  the  telescope  to  gun-sighting,  and  he 
was  so  successful  that  the  War  Office  and  Admiralty  had 
adopted  his  gun-sighting  telescope.  He  had  many  other 
improvements  in  sighting  apparatus  in  contemplation,  and 
his  death  is  not  only  a  loss  to  the  astronomical  wtirld,  luit 
to  the  nation. 


•ijttuar^. 


ANDREW    AINSLIE    COMMON,    ll.d.,  f.r.s. 
We  much  regret  to  announce  the  death  of  one  who  has 
done  so  much  for  astronomical  science  as  Dr.  Common, 
who  died  verv  suddenlv  at  Ealing  on  June  2nd.     He  was 


Astronomical. — Prof.  Barnard  has  recently  jjublished 
a  very  interesting  account  of  observations  of  the  south 
polar  cap  of  Mars  which  he  made  at  the  Lick  Observatory 
in  1892  and  1894.  He  considers  the  early  supposition 
that  the  caps  are  accumulations  of  snow  to  be  as  good  as 
any  theory  since  put  forward,  and  points  out  that  they 
cannot  be  of  any  great  depth  or  they  would  not  be  melted 
so  quickly  ;  they  are  probably  a  thin  sheeting  corre- 
sponding with  the  winter  snow  which  extends  to  our  own 
mid-latitudes  and  quickly  disappears  with  the  approach  of 
summer.  On  some  occasions  portions  of  the  cap  were 
temporarily  hidden,  and  there  was  good  reason  to  suppose 
that  the  obscuration  was  produced  by  something  of  the 
nature  of  clouds,  though  the  atmosphere  seems  to  be 
much  less  dense  than  our  own.  The  most  striking  pheno- 
menon, however,  was  a  projection  from  the  edge  of  the 
cap,  visible  at  the  same  point  in  both  years,  which  was 
left  behind  as  a  bright  strip  as  the  cap  diminished  in  size. 
This  is  probably  a  range  of  mountains,  and  was  found  to 
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have  beeu  previously  observed  by  Mitchell  ia  18i5,  and 
also  by  Green,  who  gave  the  same  explanation. 

A  series  of  very  interesting  photographs  has  been 
secured  by  Mr.  H.  K.  Palmer  with  a  slitless  spectroscope 
specially  designed  for  use  with  the  Crossley  reflector  of 
the  Lick  Observatory.  Among  them  are  spectra  of 
planetary  uebuljB  and  Wolf-Kayet  stars,  but  the  most 
important  are  those  of  bygone  "  new  stars."  Nova 
Aurigie,  in  1901,  when  its  visual  magnitude  was  13, 
showed  four  bright  lines,  and  a  comparison  with  earlier 
records  shows  plainly  that  the  bright  lines  are  growing 
weaker  as  compared  with  the  continuous  spectrum.  Nova 
Cygni  ( 187G),  now  about  15th  maguitu'le,  seems  to  have 
completely  lost  its  nebular  characteristics,  the  spectrum 
having  become  continuous.  Mr.  Palmer  thinks  it  will 
now  be  possible  to  photograph  the  spectrum  of  any  star 
that  can  be  seen  with  the  3(j-inch  telescope. — A.  P. 


Botanical. — Visitors  to  Kew  Gaixlens  during  the  past 
fewweeks  mayhave  noticed  in  theSueculent  House  some  tall 
plants,  having  piunatisect  leaves,  with  long  stiletto-shaped 
segments,  and  large  terminal  heads  of  bright  pink  flowers. 
This  is  a  hybrid  Kcilanchoe,  known  as  K.  keweiisis.  In 
the  March  number  of  the  Annals  of  Butnny  Sir  VV.  T. 
Thiselton-Dyer  made  it  the  subject  of  one  of  his  interesting 
"  Morphological  Notes."  The  hybrid  originated  at  Kew, 
and  besides  being  a  beautiful  plant  of  considerable  horti- 
cultural value,  it  is  remarkable  in  being  a  striking  excep- 
tion to  the  rule  that  a  hybrid  exhibits  characters  inter- 
mediate between  those  of  the  parents.  The  species 
from  which  the  new  hybrid  was  derived  are  the  South 
Arabian  A'.  Bentii  and  K.  flammea,  from  Somalilaud  ;  the 
former  has  long  entire  stiletto-shaped  leaves  and  white 
flowers,  while  in  the  latter  the  leaves  are  obovate  or 
obovate-oblong,  and  the  flowers  orange-red.  In  the  hybrid 
the  leaves  ai'e  not  intermediate,  liut  they  approach  in  shape 
two  other  species  of  Knhnirlitte,  and,  as  the  author  observes, 
"  the  conclusion  seeius  irresistible  that  we  have  a  reversion 
to  an  ancestral  chara(.'tcr  which  exists  elsewhere  in  the 
genus,  but  is  latent  iu  both  pai'ents."  The  deviation  in 
the  colour  of  the  flowers  is  more  easily  accounted  for.  It 
is  shown  that  in  one  parent  the  flowers  have  deeji  yellow 
chromoplasts  in  a  pink  cell-sap;  in  the  other  both  chromo- 
plasts  and  cell-sap  are  colourless.  The  hybrid,  it  is 
believed,  has  inherited  the  pink  cell-sap  of  one  parent  and 
the  colourless  chromoplasts  of  the  other. — S.  A.  S. 

Entomological. — In  Knowledge  for  September,  190l, 
there  appeared  an  accoimt  of  Flies  and  Midges  that  hauut 
the  sea-shore.  In  a  recent  pajier  {Atrh.  Zool.  Exper.  et 
Gen..  (4),  Vol.  1,  1903,  pp.  1-29,  pi.  1),  M.  Rene  Chevrel 
describes  a  very  interesting  new  marine  midge,  which  he 
has  discovered  at  Saiut-Hriac  (not  far  from  St.  Malo  in 
Brittany),  and  named  Scopdodrtimas  isemerinns.  Both 
sexes  of  this  midge  are  winged,  and  possess  short  feelers 
with  only  seven  segments.  The  larva  lives  among  sea- 
weeds and  barnacles  below  the  usual  low- water  mark,  and, 
as  the  life-cycle  of  the  insects  occupies  six  months,  the 
midges  ai'c  only  seen  on  the  wing  twice  a  year  at  the  time 
of  the  equinoctial  spring  tides.  It  is  no  wonder,  therefore, 
that  they  have  remained  unobserved  for  so  long. 

Meanwhile  Mr.  A.  D.  Jinms  records  (Trans.  Liverpool 
Biol.  Sac,  Vol.  yiYU..  liMi:!,  pp.  Sl-(j)  the  occurrence  on 
the  coast  of  the  Isle  of  Man  of  Clnnio  hlcolor,  Kieffer, 
described  a  year  or  two  ago  from  the  French  shores  of  the 
Channel.  The  presem*  of  a  second  species  of  this  most 
remarkable  genus  in  the  British  Isles  is  noteworthy.  Like 
C.  mm-iiinii,  Haliday  (described  in  Knowledge,  September, 
1901),  U.  hicolor  has  a  wingless  female. 


Parental  care  among  insects  is  always  a  subject 
fascinating  to  naturalists,  and  a  short  paper  bv  Mr.  G.  W. 
Kirkakly  (EntomologUt.  Vol.  XXXVI.,  1903,  pp.  113-120) 
on  "  Maternal  Solicitude  in  Rhynchota  and  other  non- 
social  Insects,"  with  a  full  bibliography,  is  worthy  of 
attention  from  all  interested  in  the  beginnings  of  family 
life  among  animals.  Good  evidence  is  brought  forward 
for  watchful  care  exercised  by  mother  Saw-flies  and  Shield- 
bugs  {Peutatomidpe)  over  their  eggs  and  newly-hatched 
young,  and  Mr.  Kirkakly  shows  that  the  doubt  thrown  by 
Fabre  on  the  observations  of  DeGeer  and  others  of 
maternal  care  among  Shield-bugs  is  unwarninted,  he 
having  examined  bugs  of  genera  distinct  from  tliose  ujjon 
which  DeGeer's  researches  were  made. — G.  H.  C. 


Zoological. — In  au  article  published  iu  our  columns  a 
few  years  ago,  Mr.  Lydekker  drew  attention  to  the  evidence 
in  favourof  an  Asiatic  origin  for  the  aborigines  of  Australia, 
whose  nearest  relatives  then  appeared  to  be  the  Veddas  of 
Ceylon.  In  a  letter  from  Macassar  (Globus,  May  7th),  the 
Messrs.  Sarasin,  who  are  travelling  in  Celebes,  announce  the 
discoverv  iu  the  mouutains  of  that  island  of  a  primitive 
people — the  Toala — presenting  a  remarkably  physical 
resemblance  to  the  Veddas.  Although  these  people  have 
now,  for  the  most  part  at  any  rate,  beeu  considerably 
influenced  in  the  mode  of  life  by  contact  with  theBuginese 
of  the  coast  districts,  there  is  decisive  evidence  that  a 
short  time  ago  they  were  cave-dwellers  (as  indeed  are  some 
of  their  number  now),  while  within  a  century  or  so  ago 
they  were  in  the  habit  of  using  chipped  stone  arrow-heads 
and  other  weapons  and  implements.  There  can  b  ■  little 
doubt  that  the  Toala  were  the  primitive  inhabitants  of 
Celebes,  and  that  they  were  driven  to  take  refuge  in  the 
mouutains  by  the  Malay  invaders,  witli  whom,  however, 
they  now  hold  a  certain  amount  of  intercourse.  Assuming 
their  affinity  to  the  Veddas  to  be  true,  and  it  is  scarcely 
likely  that  such  a  remarkable  resemblance  can  be  merely 
accidental,  we  have  much  stronger  evidence  than  before 
as  to  the  probable  Asiatic  origin  of  the  Australian 
aborigines. 

It  is  a  common  belief  among  both  whalers  and  naturalists 
that  when  whales  "  sound,"  they  descend  to  enormous 
depths  in  the  ocean.  Dr.  \\.  Kiikeuthal  estimates,  for 
instance,  that  the  larger  memiiers  of  the  group  commonly 
dive  to  a  depth  of  fully  a  thousand  yards  ;  although  the 
evidence  on  which  this  estimate  rests  is  not  given.  In  a 
memoir  rei'cntlv  published  in  Bejgium,  on  the  scientific 
results  of  the  Belgian  Aniarcf  ic  Expedilion  of  1897-99,  Dr. 
Ka.covit/.a  challenges  this  belief,  aud  states  that,  in  his 
oj)inion,  one  hundred  yards  is  the  maximum  depth  to 
which  any  whale  can  dive,  and  that  many  species  cannot 
reach  anything  like  that  limit.  He  very  pertinently  asks 
why  should  whales  want  to  go  to  such  dejiths.  All 
whales  sound  for  the  purpose  of  obtaining  food  ;  aud  in 
the  profound  darkness  of  one  thousand  yai-ds  what  food 
could  they  get  V  Those  species  which  feed  on  animalcules 
might  perha|)s  obtain  what  they  want.  But  how  about 
the  species  which  feed  on  fishes  and  cuttles  'r  At  a  depth 
of  a  thousand  yards  they  certainly  could  not  use  their  eyes 
to  detect  non-luminous  species,  and  we  have  no  evidence 
whatever  that  they  feed  on  the  self-luminous  deep  sea  fish 
and  cuttles  (if  indeed  there  be  any  of  the  latter).  On  the 
contrary,  the  available  evidence  indicates  that  they  feed  on 
ordinary  light-dwelling  fishes  and  cuttles  which  live  in 
much  shallower  zones. 

But  this  is  not  all.  It  is  known  that  the  effects  of  a 
pressure  of  more  than  three  atmospheres  proves  fatal  to 
human  life,  and  although  we  may  believe  that  whales  can 
stand   treble   this  pressure,  or   nine  atmospheres,   which 
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■would  occur  at  about  uiuety  yards  depth,  is  it  conceivable 
that  the}-  could  resist  the  effect  of  ten  times  the  latter 
pressure,  or  iiin(>ty  atmospheres  ?  Moreover,  does  it  seem 
j)Ossil)le  that  a  whale,  whose  body  is  only  slightly  heavier 
than  water  at  ordinary  pressure,  could  exert  the  muscular 
force  necessary  to  projicl  that  body  to  a  dejjth  of  a 
thousand  yards  ? 

Whether  the  author  has  so  strono;  a  case  in  his  con- 
tention that  whales  never  sleep,  demands  further  con- 
sideration. One  of  the  arguments  in  favour  of  tlie 
constant  wakefulness  of  cetaceans  is  that  individuals  will 
follow  a  ship  for  days,  which  they  could  not  well  do  while 
asleep.  Another  is  that  whales— except  occasionally  a 
right  whale  or  a  sperm  whale — are  not  found  floating 
motionless  on  the  surface,  and  reasons  are  given  against 
the  theory  that  they  sleep  at  the  bottom.  But,  it  may  be 
urged,  if  whales  never  sleep,  they  must  have  food  at  night, 
and  be  able  to  catch  it,  and  what  then  becomes  of  the 
argument  that  they  cannot  capture  prey  in  the  dark  ocean 
abysses?  Moreover,  it  is  diificult  to  imagine  that  an 
animal  with  such  a  highly  organised  brain  as  a  whale  can 
exist  permanently  without  sleeping,  esjjecially  when  we 
remember  that  fishes  sleep. 

A  very  important  work  on  the  morphology  of  the 
mammalian  brain — especially  that  of  lemurs,  both  recent 
and  fossil — has  appeared  in  the  Traiii-acti'ms  of  the 
Linnsean  Society.  The  author.  Dr.  G.  Elliot  Smith, 
has  for  several  years  devoted  special  attention  to  this 
subject,  and  in  this  memoir  summarises  the  general  results 
of  his  investigations.  One  point  was  the  determination  of 
the  fundamental  i)lan  of  mammaliiUi  brain-structure;  a 
task  of  very  great  diificulty  owing  to  the  maze  of  con- 
volutions of  various  types  which  have  been  superadded  in 
tlie  different  orders.  Especial  interest  attaches  to  the 
author's  conclusions  with  regard  to  the  affinities  of 
the  lemurs.  The  intimate  connection  between  these 
animals  and  the  monkeys  and  apes  indicated  by  palsonto- 
logical  discoveries  in  Madagascar  is  fully  borne  out  by 
Dr.  Smith's  investigations.  It  appears,  however,  that 
while  the  lemurs  originally  advanced  a  considerable  dis- 
tance along  the  general  line  of  evolution  of  the  Primates, 
they  subsequently  degraded ;  a  fact  which  accounts  for 
the  wide  divergence  of  the  modern  representatives  of  the 
two  groups. 

The  restoration  of  a  most  extraordinary  reptile — namely 
Emholopliorus  dollovianus,  from  the  Pemiian  strata  of 
Texas— is  attempted  l)y  Mr.  E.  C.  Case  in  the  February 
nuuiber  of  the  Journal  of  Geology.  The  peculiarity  of  the 
creature  is  that  the  vertebrse  carry  very  tall  vertical  spines, 
which  in  the  nuddle  of  the  back  are  equal  in  length  to  the 
entire  trunk,  and  nearly  double  the  height  from  the  ground 
to  the  bai-k-bone.  That  this  bony  framework  carried  a 
thin  covering  of  skin,  and  was  thus  something  like  an 
enormous  back-fin,  may  be  considered  certain  ;  but  the  use 
of  s'.ich  a  remarkable  structure  has  yet  to  be  explained. 

In  the  April  number  of  the  Proceedinys  of  the  Zoological 
Society  the  Eevd.  F.  Jourdaiu  draws  attention  to  the 
circumstance  that  the  second  instance  of  the  occurrence  of 
Bechstein's  Ijat  (Myotis  bechdeiiii)  in  Britain  was  recorded 
in  the  ZoohnjUt  for  1888,  on  the  evidence  of  a  capture  in 
the  New  Forest  in  1886.  Consequently  the  announcement 
made  in  the  P.  Z.  8.  for  1901  of  the  second  occurrence  of 
the  sjaecies  in  Britain  should  really  have  been  the  third. 

In  a  recent  issue  of  the  Annals  and  Magazine  of  Natural 
History  Mr.  G.  A.  Boulenger  adduces  reasons  to  show  that 
flat  fishes,  instead  of  being  allies  vi  the  co<l  family,  are 
really  related  to  the  John  Dory.  From  the  shape  of  the 
latter  fish  this  is  a  much  more  ])robable  sujspositiou. 


lovittsl)  C^rntti^ological  Notes. 

Conducted  hy  Uarry  F.   Witherbv,  f.z.s.,  m.b.o.u. 

Orri'thological  Nofes  for  Norfolk  for  1!)02,  wiOi  References  to 
some  Occurrences  m  other  Counties.  By  .T.  11.  Gurnev,  F.z.s. 
(Zoologist,  April,  1903,  pp.  121-138).— Mr.  Gurney  here  gives  his 
usual  yearly  intcrestinf;  notes  on  the  birds  of  Enst  Anplia.  The 
iiutiimn  of  1902  seems  to  have  been  ebieflv  remarkable  for  a  large 
migration  of  KooVs  throughout  Oetober.  The  following  rarities  were 
recorded  from  Norfolk  during  the  year,  viz.:  Scops.  Owl — .Vpril ; 
Roseate  Tern — May  and  June;  Caspian  Tern — July;  Roller,  Aquatic 
Warbler,  and  Barred  Warbler — September;  Lesser  Grey  Shrike  and 
Porpliyris— October ;  Glossy  Ibis— IS'oTeniber  ;  and  Little  Bustard  — 
necember.  Mr.  Gurney  can  unfortunately  give  us  no  good  account 
of  the  Great  Bustards  which  were  imported  and  turned  down  in 
Norfolk  in  190O. 

On  the  Position  occiipiei  bi/  the  Legs  of  Birds  during  Fiiqht.  By 
G.  E.  H.  Barrett- Hamilton  (Zoologist,  April,  1903,  pp.  139-140).— 
It  appears  from  this  interesting  article  that  whereas  most  jiasserine 
birds  carry  their  legs  bent  forward  in  flight,  other  birds  carry  them 
jjointing  backwards,  while  some  birds  sucli  as  Kites  and  Gulls  and 
certain  Hawks,  liave  the  power  of  varying  the  position  of  their  legs 
without  interfering  with  their  Hight.  Capt.  Barrett-Hamilton  is  of 
opinion  that  in  many  birds,  and  especially  in  those  with  short  tails, 
the  legs  are  of  great  and  constant  assistance  in  flight. 

The  Birds  of  N.W.  Wales  and  the  opposite  Counties  of  Ireland. 
By  H.  E.  Forrest  (Zoologist,  May,  1903,  pp.  176-181). -Mr.  Forrest 
here  compares  the  avifauna  of  Merioneth,  Carnarvon  and  Anglesey  to 
that  of  Dublin  and  Wicklow.  The  result  is  that  most  of  the  summer 
migrants  occurring  in  Wales  are  very  rare  or  absent  from  Ireland, 
while  the  resident  birds  are  also  very  different  in  the  two  areas.  For 
instance,  the  Marsh  Tit,  Nuthatch  and  Tawny  Owl,  although  common 
in  the  Welsh  counties  are  unknown  in  Ireland,  and  the  Sparrow, 
Carrion  Crow,  Spotted  Woodpecker  and  Green  Woodpecker  are  of 
rare  occurrence  iu  the  Irish  counties.  On  the  other  liand  the  Siskin, 
Crossbill  and  Hooded  Crow  are  more  common  in  Ireland. 

The  Status  of  the  Goldfinch  in  Britain  (Zoologist,  April,  1903, 
p.  152;  May,  1903,  p.  190). — Observers  from  various  counties  here 
continue  to  record  their  observations  upon  the  status  of  the  Goldfinch. 

On  the  T'ariation  of  the  Bean  Goose.  By  Einar  Lonnberg,  C.M  z.s. 
{Zoologist,  May,  1903,  pp.  164^169)  -  In  thii  article  the  author 
details  his  examination  of  a  number  of  specimens  of  the  Bean  Goose, 
and  gives  evidence  for  the  conclusion  that  the  characters  used  by 
Mr.  Erohawk  {see  Knowledge,  1902,  p.  251)  are  too  variable  to 
warrant  the  separation  of  the  Bean  Goose  into  two  species  (Anser 
segdum  and  A.  arvenisj. 

All  contributions  to  the  column,  either  in  the  way  of  notes 
or  photographs,  should  be  forwarded  to  Harry  F.  Witherby, 

at  the  Office  o/ Knowledge,  32(5,  Iliijh  Holborn,  London, 

♦- 

j^oticgg  of  Boofeg. 

"A  M.vNUAL  OF  Pal.kakctic  Birds."  By  H.  E.  Dresser, 
1M..S.,  F.z.s.  Part  I.  Published  by  the  Author  at  'i,  Hanover 
Square,  W.  12s.  6d.  net. — This  is  the  first  part  of  a  work  long 
expected  by  ornithologists.  The  second  and  concluding  part, 
we  believe,  is  to  be  published  very  shortly.  The  work  is 
practically  an  abridgment  of  Mr.  Dresser's  well-known  "  Birds 
of  Europe."  It  is  very  conveniently  arranged,  and  much  infor- 
mation is  given  in  a  very  small  space.  After  a  brief  synouomy 
a  description  of  the  species  is  given,  and  iu  this  Mr.  Dresser 
has  been  wise  in  giving  as  far  as  possible  the  points  in  which 
one  species  differs  from  its  nearest  ally  rather  than  a  long  and 
detailed  description.  "We  are  then  given  the  range  of  the 
species,  and  a  few  words  about  its  habits  and  nest  and  eggs. 
The  book  will  be  found  to  be  very  useful  to  ornithologists,  and 
especially  to  those  that  travel,  but  Mr.  Dresser  seems  to  have 
relied  to  a  great  extent  on  his  e.^celleut  work  in  the  "  Birds  of 
Europe,"  and  has  not  brought  bis  ])resent  Manual  consistently 
up  to  date.  The  range  of  the  various  species  dealt  with  is  thus 
sometimes  rather  incomplete,  and  although  Mr.  Dresser  has 
admitted  many  sub-species,  he  has  also  omitted  many  which,  in 
our  opinion,  are  as  qualified  to  rank  as  distinct  races  as  many  of 
those  which  he  has  admitted  (c-.v.,  Prhiia  gracilin  lepida,  Aryya 
butt'ini.  Paras  iui/uhrix  duhius). 

But  Mr.  Dresser's  JIauual  is  not  intended  for  the  systematist. 
To  the  traveller  it  will  certainly  be  of  much  use,  although  wc 
wish  that  the  author  had  directed  attention  to  many  more 
geographical  vatiations  than  he  has  done. 
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"  The  Journal  of  the  Qhekett  Microscopical  Ci-ub,'' 
April,  1903.  (Published  by  Williama  &  Norgate,  14,  Henrietta 
Street,  Uovent  Garden,  W.C.)  —  This  journal  is  published 
bi-annually,  and  contains  the  proceedings  of  this  popular 
Microscopical  ('lub,  which  meets  at  20,  Hanover  Square,  on  the 
first  and  third  Fridays  in  each  month.  This  Club  has  always 
been  particularly  strong  in  entomological  and  pond-life  work, 
and  several  of  the  papers — which  are  admirably  illustrated — 
deal  with  aspects  of  these  subjects.  Special  interest  attaches 
to  the  annual  address  of  Mr.  George  Massee,  f.l.s.,  v.m.h.,  the 
])resident  of  the  Club,  on  "  Fermentation  and  Putrefaction,"  on 
which,  and  allied  subjects,  he  is  a  distinguished  authority.  In 
addition,  there  are  reviews  of  certain  books  on  microscopy. 
Those  microscopists  who  may  not  be  members  of  the  Quekett 
Club' would  certainly  find  many  items  of  interest  and  value  in 
this  admirably-conducted  journal. 

"Journal  of  the  Anthropological  Institute  for 
1902." — We  have  been  favoured  with  a  copy  of  this  journal 
(Vol.  XXXII.)  for  the  second  half  of  1902.  It  commences  with 
the  Huxley  Lecture,  in  which  Dr.  D.  J.  Cunningham  discourses 
on  "  right-handedness  and  left-braineJness  "  in  man.  Physio- 
logical experiments  have  shown  that  a  certain  area  on  each  side 
of  the  brain  is  connected  in  some  way  or  other  with  regulating 
the  movements  of  the  arms  ;  the  left  side  of  the  brain  con- 
trolling the  right  arm,  and  vire.  ver&i.  This  being  so,  it  was 
natural  to  expect,  in  correlation  with  the  general  prevalence  of 
right-handedness  in  man,  that  the  left  "arm-area"  of  the  brain 
would  be  more  developed  than  the  right.  The  author  has  found 
that  a  certain  depression  in  this  area  is  deeper  on  the  left  than 
on  the  right  side.  That  this  is  in  any  way  associated  with  right- 
handedne.ss,  or  with  the  localisation  of  the  active  speech  centre 
in  the  left  side  of  the  brain,  he  is,  however,  not  prepared  to 
urge,  because  the  fame  condition  obtains  in  apes.  This  would 
be  no  impediment  to  the  acceptance  of  the  expUnation  by  those 
who  believe  that  apes  are  also  right-handed  ;  but  Dr.  Cunningham 
cannot  persuade  himself  that  those  animals  are  really  dextrorsal. 
Nevertheless,  he  is  convinced  that  he  is  on  the  true  track  to 
explain  the  prevalence  of  right-handedness  in  man.  In  the 
course  of  his  lecture  the  author  mentions  that  he  sees  no  reason 
to  believe  in  the  absence  of  right-handedness  in  prehistoric 
man  owing  to  a  preference  for  drawing  animals  with  their  heads 
turned  in  one  direction.  In  this  connection  it  may  be  men- 
tioned that  the  author  persists  in  the  old  error  of  calling  the 
bison  the  aurochs. 

Among  many  other  interesting  articles,  we  have  only  space  to 
refer  to  the  one  by  Messrs.  Annandale  and  Robinson  on  the 
anthropology  of  the  Malay  Peninsula,  which  is  illustrated  with 
photos  of  that  puzzling  race,  the  Semangs  of  Pcrak.  The 
authors  believe  that  Semangs  and  Sakais  contain  a  Mongoloid 
■  element  distinct  from  that  of  the  modern  peninsular  Malays  ; 
but,  unfortunately,  they  do  not  favour  us  with  any  definite 
opinion  as  to  the  Negrito  affinities  of  these  people,  as  indicated 
by  the  frequent  occurrence  of  more  or  Ib-js  distinctly  frizzled 
hair. 

'■  Handp.ook  of  Climatology."  By  Dr.  Julius  Hann. 
Translated  by  Robi;rt  De  Courcy  Ward.  (Macmillan.)  12s.  6  1. 
not. — It  is  commonly  said  that  meteorology  consists  of  volumes 
and  tables  of  uninteresting  figures  that  only  experts  can  under- 
stand. It  is  further  complained  that  few  attempts  are  made  to 
discover  the  inner  meaning  of  the  accumulated  observations 
with  which  the  shelves  of  most  weather  otlijes  are  congested. 
In  this  book,  however,  a  notable  and  successful  attempt  has 
been  made  to  put  life  and  meaning  into  some  of  these  arid 
statistics  ;  and  it  may  at  once  be  said  that  the  result  is  one  of 
the  most  interesting  bioks  that  the  subject  of  climate  has  so  far 
inspired.  The  book  treats  of  climate  as  distingnishsd  from 
weather,  for  nowadays  the  two  terms  are  ditferentiated.  Di. 
Hann  calls  weather  only  one  pliase  in  the  succession  of  pheno- 
mena whose  complete  cycle,  recurring  with  greater  or  less 
uniformity  every  year,  constitutes  the  climate  of  any  loc.ility. 
Climate  is  the  sum  total  of  the  weather  as  usually  ex,ierienced 
during  a  longer  or  shorter  period  at  any  given  season,  and  it  is 
with  this  latter  branch  of  meteorology  that  Dr.  Hann  deals. 
Certain  changes  have  been  made  by  the  translator  in  this 
English  edition  of  Dr.  Hann's  book,  which  was  origin  illy  pub- 
lished in  1883  under  the  title  of  -'Haudbuch  der  Khinitologie," 
but  they  are  changes  that  have  greatly  increased  the  usefulness 
of  the  work.     The  book  has  been  especially  arranged  for  the 


use  of  teachers  of  scientific  climatology,  and  as  it  contains 
ample  references  to  other  works  on  the  sam?  subject,  and  also 
a  very  convenient  classification  of  the  different  sections  and 
chapters,  a  teacher  with  it  at  his  hand  should  have  little  diffi- 
culty in  arranging  a  useful  course  of  studj'.  Since  the  teaching 
of  meteorology  has  been  much  neglected  in  British  schools, 
such  a  publication  should  stioaulate  an  interest  in  the  subject. 
Probably  the  most  informing  section  will  be  considered  by 
many  readers  to  be  that  which  deals  with  mountain  climates. 
This  subject  is  treated  exhaustively  in  a  discussion  that  no 
one  who  desires  to  know  the  lines  of  investigation  followed  by 
modern  meteorologists  in  this  very  important  branch  of  clima- 
tology can  afford  to  overlook.  The  thanks  of  those  who  do 
not  read  German  are  due  to  Mr.  Ward  for  so  ably  translating 
the  book  for  them,  and  it  is  to  be  hoped  that  he  will  find  an 
early  opportunity  of  introducing  English  readers  to  more  of  the 
same  author's  works. 

The  Burlington  Magazine  for  June  contains  an  admirable 
editorial  appeal  ior  the  preservation  of  ancient  buildings 
by  the  State.  The  recent  sale  of  Clifford's  Inn  has  brought 
this  question  once  more  to  the  front,  and  we  gladly  associate 
our.selves  with  the  Editor's  appeal  to  the  London  County  Council 
to  acquire  Clifford's  Inn  from  its  new  owner  while  there  is  yet 
opportunity  to  do  so.  But  the  question  is  really  one  for  His 
Majesty's  Government,  and  we  hope  some  Member  of  Parliament 
may  be  induced  to  make  it  his  own,  and  remove  the  reproach 
thit  we  share  at  present  with  Russia  and  Turkey,  of  being 
without  any  legislation  for  the  preservation  of  our  ancient 
historical  buildings. 
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"MOLECULES  AND  HEAT."*-A  CRITICISM. 

By   Edwin   Epser,  a.r.c.sc,  f.ph.s. 

As  the  result  of  experiments  carried  on  for  a  number  of 
years,  Mr.  Hoveuden  claims  tliat  molecules  can  easily  be  seen 
"by  tbe  unaided  eye.  Notbiuj,'  could  well  l)e  more  startling 
than  such  a  claim  ;  it  is  proposed  to  examine  briefly  the 
grounds  on  which  it  is  based.  It  may  at  once  be  said  that 
Mr.  Hovendeu  is  perfectly  honest  in  the  statement  of  his 
case,  and  some  of  his  experiments  are  worth  repeating. 
Further,  for  an  untrained  observer,  he  sometimes  notes  the 
essential  conditions  of  a  phenomenon  with  commendable 
sagacity,  although  his  exj^lanations,  as  will  be  shown,  are 
often  of  a  very  partial  character.  Personally,  I  have  to  thank 
Mr.  Hovenden  for  his  courtesy  in  showing  me  a  number 
of  his  experiments,  and  explaining  his  views  thereon. 

Let  us  take  a  thin  glass  flask  partially  filled  with  a  liquid, 
such  as  water,  spirits  of  wine,  &c.,  and  focus  the  rays  from 
an  arc  lamp  at  a  short  distance  above  the  surface  of  the 
liquid.  After  gentle  heating,  a  large  number  of  small 
spherical  liodies  are  seen  fltiatiug  aliout  in  the  space  above 
the  liquid.  Mr.  Hovenden  claims  that  these  small  spherical 
bodies  are  molecules  of  the  liquid ;  lie  further  defines  a  water 
molecule  as  a  spherical  body  composed  of  a  great  numher 
of  atoms  of  oxygen  and  hydrogen  in  the  proportion  of  one 
of  the  former  to  two  of  the  latter.  At  first  sight, 
therefore,  it  would  appear  that  a  water  molecule,  as  defined 
by  Mr.  Hovenden,  is  indistinguishable  from  a  small  drop 
oi'  water  composed  of  a  great  number  of  the  generally 
accepted  molecules,  each  comprising  one  atom  of  oxygen 
and  two  atoms  of  hydrogen.  Mr.  Hovenden  has,  however, 
been  struck  by  the  fact  that  whereas  a  small  drop  of  water, 
when  cast  up  from  the  surface  of  the  boiling  liquid,  is 
seen  to  quickly  fall  back  again,  yet  the  small  particles 
mentioned  above  exhibit  no  observable  tendency  to 
gravitate,  bvit  slowly  circulate,  iu  swirls  and  eddies,  in  the 
space  above  the  liquid.  The  accepted  explanation  of  this 
depends  on  the  fact  that  a  gas  or  liquid  exerts  considerable 
friction  on  very  small  particles,  which  are  thus  unable  to 
sink  quickly ;  for  similar  reasons,  muddy  water  clears  very 
slowly  when  at  rest,  and  more  slowly  still  when  in  motion. 
We  mav,  however,  for  the  moment  forget  this,  and  consider 
Mr.  Hovenden's  explanation,  which  is  that  the  small 
particles  seen  floating  above  the  liquid  were  invisibly 
small  when  within  the  liquid,  but  during  heating  they 
absorbed  the  ether  (which  is  supjjosed  to  be  an  aiiti- 
gravitating  fluid),  and  expanded  to  visible  dimensions,  at 
the  same  time  acquiring  anti-gravitative  properties.  Mr. 
Hovendeu  has  noticed  that  these  particles  are  only  to  be 
seen  when  there  is  cold  air  in  the  flask.  To  most  observers 
this  would  suggest  that  their  jjresence  demands  conditions 
favourable  to  condensation.  Mr.  Hovendeu,  however, 
proposes  the  explanation  that,  when  cold  air  is  not  present, 
the  particles  become  invisible,  just  as  finely-divided  glass 
particles,  which  form  a  white  flour-like  powder  in  air, 
become  almost  invisible  when  mixed  with  water.  When 
the  liquid  is  caused  to  boil,  and  air  is  expelled  from  the 
flask  by  the  vapour  given  off,  the  space  above  the  liquid 
appears  absolutely  empty.  "  Bui,"  says  Mr.  Hovenden, 
"  the  flask  is  full  of  these  spheres,  for  they  issue  out  of 
the  flask  as  steam."  This  is  begging  the  question.  The 
particles  may  truly  be  seen  leaving  the  mouth  of  the 
flask,  but  this  is  perfectly  consistent  with  the  orthodox 
explanation  that  the  interior  of  the  flask  is  filled  with 
aqueous  vapour,  the  invisibly  small  molecules  of  which  are 
comparatively  widely  separated  from  each  other.     At  the 

*  "  On  Eesolving  the  Molecule  and  Seeing  It."  "  Wliat  is  Heat  ?  : 
A  Peep  into  Nature's  Most  Hidden  Secrets."  By  Frederick  Hovenden, 
F.I..S.,   F.G.S.,  F.K.U.S. 


mouth  of  the  flask  the  vapour  mixes  with  the  cold  dust-laden 
air  of  the  room,  and  condenses  into  small  water  droplets. 

Mr.  Hovenden  also  fills  spirit  lamps  with  various  liquids 
and  concentrates  the  electric  light  on  the  wicks.  In  each 
case  a  stream  of  small  particles  is  seen  rising  from  the 
wick  into  the  air,  and  these  jiarticles  are  claimed  to  be 
molecules.  If  the  lamp  is  filled  with  methylated  spirit, 
the  stream  of  particles  leaving  the  wick  becomes  bright, 
almost  resembling  a  flame.  This  experiment  is  a  very 
pretty  one,  and  might  be  found  useful  to  teachers,  as 
showing  the  effects  produced  liy  the  absorption  of  radia- 
tions. Mr.  Hovenden's  most  striking  experiment,  how- 
ever, consists  in  lighting  the  spirit  lamp  and  placing  the 
flame  in  the  focus  of  the  elei-tric  light.  Particles,  similar 
to  those  formerly  described,  but  much  less  numerous,  are 
seen  in  the  interior  of  the  flame,  and  Mr.  Hovenden  claims 
that  iu  this  case  condensation  is  necessarily  eliminated. 
Careful  examination  shows  that  the  particles  are  visible 
only  near  the  boundary  between  the  luminous  mantle 
of  the  flame  and  the  non-luminous  central  core.  This 
core  is  known  to  be  cold,  so  that  once  more  we  have 
the  conditions  that  the  particles  are  fonued  only  where  the 
heated  vapours  have  the  opportunity  of  becoming  cooled. 
It  may  be  admitted  that  condensation  occurring  under  the 
above  is  somewhat  surprising,  and  Mr.  Hovenden's  obser- 
vation is  certainly  of  considerable  interest. 

I  cannot  see  that  Mr.  Hovendeu  has  given  us  any 
experimental  proof  that  the  particles  seen  in  the  above 
experiments  are  molecules,  and  not  small  drojjlets  of  con- 
densed liquid.  To  disprove  the  theory  which  he  proposes, 
it  is  only  necessary  to  compai-e  his  fundamental  conception 
with  the  results  of  experiments.  He  considers  that  a  solid 
consists  of  invisibly  small  spherical  molecules,  iu  contact 
with  each  other.  When  the  solid  is  heated,  each  molecule 
absorbs  "ether,"  and  expands  as  a  soap  bubble  does  when 
air  is  forced  into  it.  This  absorption  of  ether,  and  the 
consequent  expansion  of  each  molecule  is  considered  to  be 
essential  to  a  rise  of  temperature.  Of  course  such  a  theory 
labours  under  all  the  difficulties  that  beset  the  old  caloric 
theory;  indeed,  writing  "caloric"  instead  of  "ether,"  in  Mr. 
Hovenden's  theory,  we  go  hack  to  the  opinions  of  the  early 
part  of  the  nineteenth  century,  and  Davy's  experiments 
appear  to  disprove  one  as  conclusively  as  the  others.  But 
Mr.  Hovenden's  theory  can  be  disproved  on  other  grounds. 

If  a  rise  of  temperature  is  necessarily  connected  with  an 
expansion  of  the  molecules  of  a  body,  then  all  substances 
must  expand  when  heited.  Now  a  piece  of  glass  rod, 
when  heated  to  redness,  expands  so  much  that,  on  plunging 
it  into  cold  water,  it  is  shivered  to  fragments  by  the 
sudden  contraction.  So  far  facts  are  in  accordance  with 
Mr.  Hovenden's  theory.  But  a  rod  of  fused  (juartz  (more 
strictly  speaking,  fused  silica)  can  be  heated  to  a  white 
heat,  and  then  plunged  into  liquid  air  without  the  slightest 
danger,  or  any  signs  of  an  appreciable  change  of  dimen- 
sions occurring.  It  can  scarcely  be  claimed  that,  during 
these  operations,  the  temperature  of  the  fused  silica  does 
not  alter  ;  he  it  cert.iinly  leaves  the  rod  when  it  is  plunged 
into  the  liquid  air,  and  causes  the  latter  to  boil  violently. 
On  the  other  hand,  experiment  shows  that  during  cooling, 
a  slight  contraction  which  occurs  at  one  stage  is  com- 
pensated for  by  a  slight  expansion  at  another  stage,  so  that 
at  th3  low  temperature  the  dimensions  of  the  rod  are  the 
same  as  at  the  higher  temperature.  If  the  molecules  are  in 
contact,  it  also  follows  that  the  dimensions  of  a  molecule  are 
the  same  at  the  lowas  at  the  high  temperature.  Thusachange 
of  dimensions  does  not  always  occur  when  a  body  is  heated. 

If  further  evidence  were  needed,  we  might  instance  the 
contraction  of  water  as  it  is  heated  from  0"C.  to  4'' C. 

Mr.  Hovenden  has  further  attempted  to  exjilain  the  heat 
of   chemical    reactions    in   terms   of  his    theory.      When 
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hydrogen  and  oxygen  combine  to  form  water,  the  volume 
of  the  latter  is  less  than  that  of  the  gases,  and  it  is 
assumed  that  the  atoun  shrink,  expelling  the  ether  (or 
heat)  from  their  interiors.  Prom  this  instauoe  Mr. 
Ilovenden  generalizes,  and  obtains  the  law  that  when  two 
substances  combine  to  form  another  substance,  the  original 
volumes  of  the  constituents  lieing  together  greater  than 
the  volume  of  the  product,  ether  is  expelled,  yjroduciug  a 
rise  of  temperature  ;  when  the  original  volumes  of  the 
constituents  were  together  less  than  the  volume  of  the 
jiroduct,  ether  is  absorbed,  and  the  surroundings  are  cooled. 
In  some  cases  where  the  reaction  occurs  in  air,  and  the 
results  are  not  those  antici]jated,  it  is  claimed  that  the  air 
molecules  are  squeezed  or  expanded,  as  the  case  may  be. 
It  is,  however,  easy  to  disprove  this  theory,  in  a  manner 
that  leaves  no  loophole  for  escape.  Take  a  cubic  centimetre 
of  gunpowder,  place  it  in  a  strong  steel  cylinder  of  (say) 
liHMj  cubic  centimetres  capacity,  and  thoroughly  exhaust 
the  cylinder.  On  exploding  the  gunpowder  the  constituents, 
which  originally  occupied  a  volume  of  1  c.c  ,  now  occupy  a 
volume  of  1000  c.c,  so  that,  on  Mr.  Hovenden's  theory, 
each  atom  has  expanded  to  lOOO  times  its  original  volume. 
Nevertheless,  the  resultant  gases  are  found  to  be  heated. 
The  heat  (or  ether)  absorbed  by  the  atoms  cannot  have 
been  taken  from  the  cylinder,  since  the  latter  is  certainly 
no  cooler  than  before.     Where,  then,  has  it  come  from  ? 

Thus  we  see  that,  starting  from  phenomena  which 
anyone  may  observe,  Mr.  Hovenden  has  reached  conclusions 
which,  far  from  possessing  an  advantage  over  the  accepted 
theories,  are  positively  at  variance  with  well-known 
phenomena.  In  criticising  Mr.  Hovenden's  views,  it  has 
been  found  unnecessary  to  appeal  to  any  other  theory, 
except  to  show  that  the  phenomena  observed  are  capable 
of  au  independent  explanation.  As  a  result,  it  appears 
that  if  we  possessed  no  physical  theories  at  all,  and  were 
offered  the  above  theory  by  Mr.  Hovenden,  we  should  be 
logically  forced  to  reject  it  as  inconsistent  with  itself,  and 
with  the  greater  part  of  oui-  experimental  knowledge. 


FAMILIAR    BRITISH    WILD    FLOWERS  AND 
THEIR    ALLIES. 

By  R.  Lloyd  Praeger,  b.a. 
IV.— THE  COMPOSIT.E. 
The  Compositie  form  the  largest  Natural  Order  of  flowering 
plants  found  upon  the  globe.  About  one-tenth  of  the 
whole  phanerogamic  flora  may  be  referred  to  this  group. 
They  are  of  world-wide  distribution,  though  their  number 
varies  largely  in  different  countries.  Thus  Humljoldt 
estimates  that  they  form  one-half  of  the  jdiauerogamic 
flora  of  the  tropical  regions  of  America,  and  Presl  states 
the  same  for  Sicily ;  on  the  other  hand,  they  formed  only 
one  twenty-third  of  the  collections  of  plants  made  by 
Smith  in  West  Africa  near  the  Congo.  In  the  British 
Isles  they  form  about  one-tenth  to  one-twelfth  of  the 
flora,  the  uncertainty  as  to  exact  proportion  arising  from 
the  difference  in  the  treatment  which  botanists  ai'cord  to 
the  hundred  and  more  British  "  species  "  of  Hawkweeds. 

The  character  by  which  these  i)lants  are  most  readily 
recognized,  and  from  which  they  derive  their  name,  is  the 
grouping  of  their  flowers  into  dense,  usually  flatfish,  heads, 
surrounded  by  a  ring  of  small  leaves  which  fulfil  the  func- 
tion of  the  sepals  of  au  ordinary  flower.  In  my  last  article, 
we  saw  how  in  Uie  UmhaUifi'nr  the  numerous  small  flowers 
are  gathered  together,  so  that  the  whole  forms  a  most  con- 
spicuous inflorescence ;  but  in  these  plants  each  flower  is 
stalked,  and  each  group  of  flowers  (umbellule)  usually  is 
again  stalked;  whereas  in  the  Compusitm  the  flowers  are 
unstalked  (sessile),  and  are  seated  tightly  on  the  flattened 


top    of    the    flower-stem    (receptacle).      A   much    closer 

approach  to  the  Compositie  we  may  study  in  the  Scabiou.s 

family    (Dipsaceie),    of    which    the    Devil's-bit    (Scibioga 

succisa)    and   Teasel    (Dipsacus    sylvedris)    are    familiar 

examples.     Here,  as   in   the  Compositse,  the   flowers  are 

sessile  and   set  on    a  swollen  receptacle,  and  surrounded 

by   an   involucre   of    small    leaves. 

From    this    ueai'ly    related    Order, 

GomposiUe    may     be     i-eadily    dis-  y' 

tiuguished  by  the  stamens,  of  which 

the  anthers  join  together  to  form  a 

ring  round  the  style  ;    and  by  the        y/ 

erect,  not   pendulous,  ovule.     That       ff 

the  flower-form  of  the  Compositse  is 

ail  eminently  efficient   form  would 

appear  from  the  vast  number  of  its  j,       j  j^ 

species,  and  from  the  immense  ])ro-  iiower'  and  disk- 
fusion  of  individuals — in  our  own  flower  of  the  Daisy 
country,  of  the  Daisy  and  Dandelion,  (enlarged), 
for  instance.  And  truly,  these  flower- 
heads  strike  one  as  being  in  the  highest  degree  efficient. 
Examine  a  common  Daisy.  The  yellow  button-like  disk 
is  composed  of  a  myriad  of  small  perfect  flowers,  with 
yellow  five-cleft  tulsular  corolla,  and  ring  of  fused 
stamens  surrounding  the  pistil.  Of  calyx  we  find  hardly 
a  trace ;  the  close  jiacking  of  the  flowers  leaves  no  room 
for  it,  and  renders  it  unnecessary  as  a  protective  structure. 
In  the  Compositie  the  calyx  is  usually  reduced  to  a 
few  hairs,  which  often  play  a  valuable  part  in  aiding 
seed-dispersal,  as  we  shall  see,  by  growing  as  the  fruit 
ripens  into  a  feathery  plume  or  pappus,  which  acts 
as  a  parachute.  The  marginal  or  raij  flowers  of 
our  Daisy  have  no  stamens — are  female  :  and  their 
corolla  is  white,  and  greatly  expanded  in  an  outward 
direction— rthe  only  direction  in  which  there  is  room  for 
expansion.  These  ray-flowers,  in  fact,  are  largely  useful 
in  advertising  the  otherwise  inconspicuous  flower-head. 
Similar  devices  we  have  already  noted  in  the  wild  Guelder- 
rose  ;  and  we  may  compare  with  these  such  flower-heads 
as  those  of  the  little  Cornel  {Cornus  suecica)  and  the 
Astrantias,  in  which  the  flowers  are  surrounded  by  a  ring 
of  coloured  ?ertye^,  which  serve  the  same  purpose.  Finally, 
our  Daisy  head  is  surrounded  by  a  close-fitting  double  ring 
of  small  leaves,  the  involucre,  which  encloses  the  whole  in 
liud,  and  plays  the  part  that  a  calyx  usually  plays  in  a 
single  flower. 

This  vast  Order  may  l>e  divided  into  several  well-marked 
groups.  The  Cori/mbifrrie  include  the  genera  which,  like 
the  Daisy,  have  a  disk  and  a  ray.  and  other  rayless  allied 
forms ;  the  Cijnarocephalex,  which  include  all  the  Thistle- 
like forms,  have  the  style  swollen,  and  no  ray ;  the 
Liguliffonc,  which  form  the  best-marked  group,  have  all 
the  ilnwers  liijiiJttle  (or  shaped  like  the  ray-flowers  of  the 
l>aisy),  as  the  Dandelion  ;  while  the  Lahiatittonv  include  a 
few  foreign  genera,  mainly  South  American,  in  which 
corolla  of  the  central  florets  is  two-lipped. 

The  Composit.v  yield  us  some  of  our  handsomest  garden 
plants,  such  as  Chrysanthemums,  Dahlias  and  "Cinerarias," 
the  latter  l>eing  cultivated  varieties  of  species  of  Seiwciu, 
introduced  from  the  Canary  Islands ;  also  the  Sunflowers 
and  their  allies,  Asters,  and  various  kinds  of  "Everlasting." 
Among  vegetables,  the  best  known  are  Jerusalem  Arti- 
chokes (the  tubers  of  Hfliaiithiis  tiiberusiis),  And  Xrtn-hokea 
(the  I'eceptacles  and  involucral  scales  of  Ciptara  Scohjmiis). 
Many  species  are  aromatic,  astringent,  or  narcotic,  but  for 
so  vast  a  number  of  plants,  com])aratiyely  few  are  used 
by  man. 

To  sketch  even  the  comparatively  few  British  repre- 
sentatives of  the  Composit(r  within  the  limits  of  a  single 
article  were  an  impossible  task.     The  list  of  Compositx  in 
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the  "  London  Catalogue  of  British  Plants  "  numbers  2'Si 
species — thoxigh  it  must  at  once  be  pointed  out  that 
this  total  includes  no  less  than  104  "  species  "  of  that  per- 
plexina;  irmius.  Hieracium  (HawkweedJ  ;  if  we  wish  to 
institute  comparisons,  this  104  species  must  be  reduced  to 
say  ten  to  twenty  leading  forms.  Even  with  such  a 
reduction,  the  British  Composite  are  still  sufficiently 
numerous,  and  offer  a  wide  diversity  of  plant-forms  ;  but 
certain  limitations  may  be  noted  with  regard  to  them. 
Firstly,  all  are  herbaceous ;  among  the  many  British 
species  neither  tree  nor  shrub  is  found.  And  secondly, 
despite  the  great  variety  of  habitat  which  they  effect,  all 
are  terrestrial  forms;  some  few  may  be  found  in  wet 
marshes,  but  none  are  aquatic.  For  the  rest,  they  occur  in 
all  situations,  from  salt  marshes  on  the  coast  to  the  tops 
of  the  highest  mountains,  and  they  assume  all  forms,  from 
tiuy  annuals  to  great  perennials  like  the  Butter-bur,  with 
leaves  which  may  attain  six  feet  in  height. 

We  have  already  referred  to  the  three  sections  into 
which  our  species  may  conveniently  be  divided,  exempli- 
fied respectively  by  the  Daisy,  Thistle,  and  Dandelion. 
Let  us  now  glance  more  particularly  into  the  native 
species  which  fall  under  each  of  these  groups,  and  note 
their  more  prominent  features.  The  Daisy  group,  or 
Cortjmhiferie.  includes  not  only  all  the  Daisy-like  flowers, 
with  a  disk  or  centre  of  close-set  perfect  blossoms,  and  a 
ray  or  margin  of  flowers  with  a  corolla  prolonged  iuto  a 
conspicuous  flattened  limb,  often  of  a  different  colour  to 
that  of  the  disk-flowers ;  but  also  a  number  of  species 
without  the  showy  ray,  such  as  Butter-bur  (Petasites),  the 
pretty  Cudweed  group  (Antennaria,  Gnaphalium,  and 
Fila^o),  the  Mugworts  (Artemisia),  Tansy  {Tanacetum), 
Sea  Cudweed  {Blotis),  and  Bur-Marigold  {Bidens).  But 
the  presence  or  absence  of  ray-flowers  is  not  an  important 
or  even  a  constant  character.  For  instance,  some  of  the 
Senecios  have  a  ray,  others  none.  Of  these,  the  rayed 
Common  Ragweed  (S.  Jacohgea)  and  the  rayless  Groundsel 
{S.  vulgaris)  will  stand  for  examples ;  yet  the  Eagweed 
often  is  devoid  of  a  ray,  especially  on  coast  sand-hills, 
where  the  rayless  form  is  often  the  prevailing  one,  and  the 
Groundsel  may  often  be  found  with  ray-flowers  well 
developed.  The  Common  Bur-Marigold  (Bidens  cernua), 
normally  rayless,  sometimes  produces  a  ring  of  yeUow  ray- 
florets,  which  makes  of  this  somewhat  dull  flower  a  quite 
showy  plant.  Of  stem  forms,  our  Corijmbiferm  offer  no 
great  variety,  the  stems  being  usually  herbaceous,  upright, 
and  branched.  The  genera  Petasites  and  Ttissilago 
(Butter-bur  and  Colt's-foot),  however,  offer  good  examples 
of  strong  uudergi-ound  creeping  stems.  These  are 
possessed  of  much  vitality,  which  makes  the  Colt's-foot  a 
very  difficult  weed  to  eradicate.  Similarly,  the  Winter 
Heliotrope  (Petasites  fragrans),  a  plant  introduced  from 
Sicily  for  the  sake  of  its  fragrant  flowers  produced  in  mid- 
wiuter,  which  has  now  run  all  over  the  country.  From  its 
interlacing,  far-creeping  tangle  of  subterranean  stems,  a 
growth  of  kidney-shaped  leaves  is  produced,  so  dense  as  to 
exterminate  every  native  herb  which  it  encounters.  The 
Flea-bane  (Pttliearia  di/senterica)  and  Saeezewort{Achilliea 
Ptarmica)  have  likewise  far-creeping  underground  stems. 
The  leaves  of  the  Daisy  group  offer  much  variety. 
Especially  noticeable  is  the  development  of  grey  felt  in 
those  species  whose  habitat  renders  it  necessary  to  avoid 
too  great  transpiration.  The  most  remarkable  example  of 
this  is  the  rare  Sea  Cudweed  (Diotis  maritima),  a  plant  of 
drv  gravel-beaches,  the  stems,  leaves,  and  even  involucres 
of  which  are  clothed  with  dense  white  felt,  giving  the 
plant  a  most  remarkable  appearance.  We  may  note  the 
same  development  of  felt  in  the  Cudweeds,  all  plants  of 
dry  places.  The  Sea  Wormwood  has  its  home  habitat  in 
salt    marshes,   and    consequently   fijids    it    necessary    to 


economise  water ;  it  also  has  its  fine-cut  leaves  and  its 
stems  and  inflorescence  uniformly  covered  with  grey  felt. 
The  Golden  Sami)hire  (Inula  crithmoides),  which  has  its 
habitat  on  sea  rocks,  has  developed  exceedingly  fleshy 
leaves,  like  many  of  the  halophytes, 
or  salt  dwellers;  like  the  Samphire, 
after  which  it  is  called,  these  juicy 
leaves  are  deliciously  aromatic.  It 
is  ])erhaps  among  some  of  the  larger 
members  of  the  Daisy  group  that 
the  composite  inflorescence  attains 
its  greatest  beauty  and  perfection. 
Examine  such  a  flower-form  as  the 
Ox-eye  Daisy.  First  we  have  the 
close-lapping  scales  of  the  involucre, 
securely  enclosing  the  whole,  and 
protecting  it  when  in  bud.  Then 
the  splendid  ring  of  ray-flowers, 
whose  object  is  to  render  the  in- 
florescence more  conspicuous.  Thus 
we  find  these  enormously-expanded 
corollas  often  assuming  a  tint  other 
than  that  of  the  main  mass  of 
flowers — white,  when  the  disk  is 
yellow,  as  in  the  Ox-eye  ;  in  other 
species  blue,  or  purple,  or  yellow, 
accompanying  a  yellow  or  greyish 
disk.  Tbese  ray -florets  have  sacri- 
ficed their  perfection  as  flowers  for 
the  purposes  of  advertisement,  and 
are  usually  devoid  of  stamens,  or 
sometimes  devoid  of  both  stamens 
and  pistil.  Finally  we  have  the 
dense  massof  disk-florets, allperfect, 
producing  a  quantity  of  minute 
fruits.  As  for  the  fruit  of  the  Coryin- 
hiferae,  a  large  number  rely  on  wind 
carriage,  and  the  calyx-segments 
take  the  form  of  hairs,  which  grow 
into  a  more  or  less  perfect  parachute  to  aid  in  transporting 
the  comparatively  large  fruit  to  pastures  new.  These 
parachute-fruits  we  know  well  in  the  Groundsel,  Colt's- 
foot,  Hemp.  Agrimony,  and  Sea  Aster.  A  large  numlier 
of  other  genera,  among  them  the  Daisy,  Ox-eye,  Chamo- 
mile, Mugwort  and  Yarrow,  are  devoid  of  conspicuous 
fruit-appendages  of  this 
kind,  and  apparently  secure 
bv  the  swaying  of  their 
stems  a  seed-dispersal 
sufficient  for  their  needs. 
The  Bur-Marigold  derives 
its  name  from  the  fact  that 
its  fruits  are  provided  with 
spines  (the  altered  calyx 
limb)  armed  with  retiexed 
hooks  ;  when  ripe  the  fruits 
easily  attach  themselves  to 
the  coat  of  any  passing 
animal,  and  secure  wide 
dispersal  thereby. 

Turning  now  to  the  Thistle  group  or  C'ijnarocephile(e. 
Here  we  meet  with  perhaps  the  handsomest  of  our  Com- 
positw — the  Thistles,  which  must  rank  among  the  most 
beautiful  of  all  the  plant-forms  which  our  country  yields. 
Here,  too,  belong  the  Knapweeds  (Gentanrea),  and  the 
Burdocks  (Arctium).  In  this  section  the  flowers  are  all 
tubular,  as  in  the  disk  of  the  Corymbiferie.  The  flowers 
are  also  usually  longer,  producing  a  more  oblong  head,  and 
the  involucre-leaves  (phyllaries)  are  more  conspicuous  in 
form  and  colour  than  in  the  Daisy  group.     The  Thistles 


Via.  2.— The  Golden 
Samphire.  (Half  natural 
size.) 


Fia.  3. — Fruits  of  Bur-Marigold. 
a,  Bidens  cernna  ;  h,  S.  trip  srtita. 
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themselves  (Carduus,  Cniciiii,  Oiiopordoii,  Carlina)  are 
among  the  most  perfect  examples  to  be  met  with  in  our 
flora  of  defence  against  grazing  animals.  The  beautifully- 
cut  leaves  are  fringed  with  an  array  of  spines  of  wonderful 
sharpness  ;  the  stems  have  often  wings  similarly  armed ; 
the  leaves  of  the  involucre  end  each  in  a  spine  likewise, 
sometimes  of  quite  terrifying  size,  as  in  the  Milk  Thistle 
(Sili/hmn  Mariar.uni) .  Were  it  not  for  this  impenetrable 
armour  the  plants  would  early  fall  victims  to  herbivores, 
for  the  stems  and  leaves  are  juicy  and  sweet.  The  most 
perfectly  protected  of  our  native  species  is  perhaps  the 
little  Carline   Thistle ;    for   the   botanist   who   desires   a 


Fro.   4.— Cai-liiie  lliistle  (Carlina  imlyaris).     (Half  natunil  size.) 

specimen,  the  only  method  of  securing  one  with  an 
ungloved  hand  is  to  get  down  under  the  ring  of  basal 
leaves  and  grasp  the  strong  tap-root.  This  species  is  also 
remarkable  among  Mritish  Thistles  for  the  dry  and  woody 
nature  of  every  j'art  of  the  plant,  which  preserves  its  form 
unchangeil  it'  withered,  so  that  one  may  even  find  in  a 
sheltereil  s|iot  a  last  year's  and  a  this  year's  plant  standing 
side  l)y  side,  the  former  bleached  and  battered,  but  un- 
changed in  form  of  leaf  and  flower. 

Most  of  our  Thistles  are  biennial  herbs,  forming  in  their 


first  year  a  large  rosette  of  spiny  foliage,  often  of  great 
regularity  and  beauty,  and  in  their  second  year,  shooting 
up,  flowering,  fruiting,  and  dying.  A  few  species,  however, 
notably  the  too  common  Field  Thistle  (Cnicus  arvensis), 
have  underground  creeping  stems.  The  stems  of  the 
Field  Thistle  plunge  so  deeply  into  the  soil,  grow  so 
rapidly,  and  are  so  brittle  and  tenacious  of  life,  that  it  is 
one  of  the  most  troublesome  of  all  our  weeds.  The  deeply 
lobed  and  spiny  leaves  of  the  Thistles  are  often  coarsely 
hairy,  but  sometimes  smooth  and  shining;  in  the  Milk 
Thistle  they  are  variegated  by  having  the  veins  picked  out 
in  pure  white.  The  leaves  are  often  assisted  in  their  func- 
tion of  assimilation  by  the  leaf-like  spiny  wings  which  run 
down  the  stems,  and  protect  theru  from  injury.  Almost 
all  our  Thistles  furnish  beautiful  examples  of  pai'aehute- 
fruits.  each  fruit  being  crowned  with  a  spreading  ring  of 
delicate  hairs,  o£  which  each  one  again  bears  a  ronr  of 
smaller  hairs  down  each  side  Suspended  l)?low  this 
delicate  framework  the  seeds  are  borne  to  long  distances. 
Passing  by  the  genera  SerratnH  and  SaiiKsurei,  each  of 
which  has  but  a  single  British  representative,  we  come  to 
the  Knapweeds  (Cent  iiirga),  which  may  chiefly  claim 
attention  here  on  account  of  the  interesting  varietv  which 
they  offer  in  the  fonn  of  the  involucral  leaves.  Those  of 
the  Black  Knapweed  are  familiar  to  every  child  whose 
luck  it  is  to  live  ia  the  country — curious  little  dirk-brown 
objects,  remarkably  resembling  certain  small  animal  forms 
which  even  naturalists  are  generally  glad  to  avoid.  In 
other  species  they  are  yellow  and  chaffy.  In  O.  sohtitialis, 
St.  Birnaby's  Thistle,  on  the  contrary,  the  phyllaries 
end  in  long  slender  spines,  while  in  the  Star-Thistle 
(C  Calcitrapa)  the  spines  are  much  larger,  stronger,  and 
spreading,  guarding  the  flower-heads  like  an  array  of 
bayonets.  Another  interesting  point  about  the  Knap- 
weeds is  that  they  show  sometimes  a  differentiation  in  the 
structure  and  function  of  the  flowers,  as  we  have  seen  in 
the  Corymhiferw.  This  is  best  exemplified  in  the  Blue- 
bottle (C.  Cyanus),  which  brightens  our  corn-fields  with 
stars  of  brilliant  blue  in  autumn.  The  blue  colour  is 
derived  entirely  from  the  outer  ring  of  flowers,  which 
consist  merely  of  brilliant  corolla,  the  centre  being  occupied 
by  numerous  small  close-set  purple  perfect  flowers,  which 
benefit  by  the  visits  of  insects  which  the  brilliance  of  the 
barren  ray-flowers  induces  The  Great  Knapweed  ( C. 
Scabiosn)  shows  a  corresponding  division  of  labour.  The 
Black  Knapweed  (C.  niiji-<i)  has  apparently  not  yet  made 
up  its  mind  whether  to  go  in  for  a  ray  or  not.  Normally 
the  flower- head  consists  of  a  solid  disk  of  fertile  flowers, 
but  rayed  forms  ai'e  constantly  to  be  met  with. 

Lastly  we  have  the  Dandelion  group,  or  Lujulijlorie, 
represented  by  a  dozen  genera,  most  of  which  agree  iu 
having  yellow  heads  oC  flowers  closely  resembling  those  of 
the  Dandelion.  The  character  of  the  group  lies  in  these 
flower-heads,  which  are  made  up  entirely  of  ligulate  perfect 
flowers,  in  shape  like  the  ray-flowers  of  the  Daisy  group. 
Thoy  are  likewise  distinguished  by  their  milky,  often  acrid, 
juice.  Only  two  of  the  British  representatives  of  the  group 
have  flowers  which  are  not  yellow.  These  are  the  Chicory 
{Cichorium  Intybus),  whose  large  light  blue  flower-heads 
are  such  a  delightful  feature  in  sandy  fields  or  on  dry 
banks;  and  the  Blue  Sow-Tiiistle  {Mulyeiiiim  alpiniim).  a 
handsome  alpine  plant,  attaining  a  height  of  several  feet, 
found  on  lofty  mountains  in  a  few  localities  iu  Scotland. 
One  other  not -yellow  member  of  the  Liguli/tone  finds  a 
])lace  in  British  Floras,  though  not  a  native,  namely,  the 
Salsify  (Traijupofion  porrifoliii^),  which  has  naturalized 
itself  in  meadows  in  many  places,  being  originally  grown 
in  gardens  for  the  sake  of  its  fleshy  roots,  which  resemble 
Asparagus  in  flavour.  This  plant  has  heads  of  bright 
purple  florets,  which,  like  its  near  yellow-flowered  relative. 
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Ilie  Goat's-beard  (T.  praiensu),  close  at  mid-clay.  The 
Goat's-beard  being  a  common  plant,  this  habit  has  been 
much  commented  on  by  the  older  writers,  and  has  earned 
for  it  the  name  of  "  John-go-to-bed-at-noon."  Same  of 
the  larger  members  of  the  Dandelion  group  vie  with  the 
Thistles  in  elegance  of  form.  This  is  esp^-ially  true  of 
the  Sow-Tbistles  ;  a  well-grown  specimen  of  Sonrhus  asper, 
with  its  stout  hollow  columnar  stem,  beautiful  leaves  cut 
and  spiny,  with  spiny  lobes  clasping  the  stem  in  a  curious 
spur-like  fashion,  and  branching  inflorescence,  forms  an 
object  on  which  the  eye  of  the  plant-lover  will  rest  with 
admiration  and  with  pleasure. 

The  Hawk  weeds  (Hieracium)  form  a  remarkalile  and 
bewildering  groiip  of  allied  forms,  in  regard  to  which,  as 
in  the  Riibi,  the  term  "  species  "  is  very  difficult  of 
application.  Between  one  end  of  the  series  and  the  other 
— say  between  the  single-headed  alpine  section  and  the 
tall  much-branched  H.  boreale  and  its  allies — a  much 
wider  gap  exists  than  between  the  extreme  ends  of 
Rvbvs  fruticosus,  but  nevertheless  the  gaj)  is  completely 
bridged  over  by  intermediate  forms,  so  that  classification 
becomes  nigh  impossible.  The  Hawkweeds  are  mainly 
plants  of  mountain  rocks  ;  all  are  herbaceous  perennials, 
with  simple  leaves  and  yellow  flower- heads. 

Our  native  Contposltc'v  are,  for  so  large  a  group  of  plants, 
singularly  devoid  of  properties  or  uses.  Most  of  them  are 
harmless  jilants,  and  the  stems  or  leaves  of  a  good  many 
have  formerly  been  used  as  food,  either  boiled  or  as  salads. 
A  good  many  are  of  some  use  as  tonics  ;  a  few  are  febrifuge, 
or  vermifuge.  The  fleshy  root-stocks  of  the  Elecampane 
(Inula  Heleiimm  )  are  still  sometimes  candied  ;  the  Flea- 
bane  [Pullcaria  dysenterica)  was  formerly,  as  its  name 
implies,  used  in  cases  of  dysentery.  The  Stinking 
Chamomile  (Anthemis  Cotula)  is  acrid,  and  its  foliage  will 
raise  blisters  on  the  skin  ;  while  the  Strong-scented  Lettuce 
(Lactuca  virosa)  has  milky  juice  that  is  acrid  and  narcotic, 
and  has  been  used  as  an  opiate.  The  Compositie  c&n  claim 
to  supply,  in  Colt's-foot,  Groundsel,  and  Thistle,  some  of 
the  most  persistent  and  troublesome  weeds  that  occupy 
the  attention  of  the  British  farmer  or  gardener.  By  far 
the  most  useful  of  the  native  species  is  the  Dandelion 
{Taraxacum  ojjicinale),  whose  roots  possess  diuretic  and 
tonic  properties,  and  are  still  much  in  favour  in 
pharmacy. 


Conducted  by  M.  I.  Cross. 

POND-LIFE    COLLECTING  FOR   THE    MICROSCOPE. 

By  Charles  F.  Rousselet,  f.r.m.s. 

{Continued    from    page    14L) 

The  group  of  attached  forms  of  Pond-life  comprise  such 
Infusoria  as  Carchesiuin,  Epistylis,  Zoothamniuiu,  Stentor,  etc.  ; 
Rotifers  such  as  Melicerta,  Slephanoceros,  Flosciiles,  etc.  ;  Hydra, 
all  Polyzoa  and  Sponges.  In  searching  for  these  forms,  a 
quantity  of  pond  weeds,  or  rootlets,  are  brouprht  on  shore  with 
the  cutting  hook,  and  selecting  some  likely-looking,  fairly  clean 
branches,  but  not  the  newest  growth,  one  twig  after  another  is 
placed  in  the  flat  bottle  in  clean  water,  where  it  can  be  examined 
from  both  sides  with  great  ease,  both  with  the  naked  eye  and 
the  pocket  lens.  The  tree-like  Torticella  colonies  :  Epistylis, 
Zootkamnium,    t'arche.<iuiu,    the    trumpst-shaped   !:>leiiturx,   the 


Crown  Rotifer  Stfphanoanis,  the  tubes  of  Melicerta  and 
Limnias,  the  various  Polyzoa,  also  Hydra  and  Sponges,  and 
many  others,  can  at  once  be  seen  when  present,  and  in  this  way 
good  branches  can  be  selected  and  placed  in  a  separate  wide- 
mouthed  collecting  bottle  containing  clean  pond  water.  A  little 
experience  will  soon  teach  one  which  branches  are  likely  to 
prove  prolific.  As  a  general  rule  one  may  say  that  old-looking, 
I  but  still  sound  and  green,  branches  will  be  the  best.  The  water 
Milfoil  {Mi/riopht/lluiii)  is  one  of  the  best  of  water  plants  to 
examine  and  collect,  on  account  of  the  ease  with  which  its 
leaves  can  subsequently  be  placed  under  the  microscope. 
Anacharis  is  more  troublesome,  but  it  is  occasionally  found 
covered  with  Pond-life,  and  is  an  excellent  weed  for  the 
aeration  of  aquaria. 

The  rootlets  of  reeds  and  of  trees  growing  near  the  edge  of 
the  water  should  be  examined  for  Sponges  and  Polyzoa,  such  as 
Lojilioptt!',  PhiiiiiileUn,  Fretlericella,  etc.  In  order  to  obtain 
some  weeds  growing  near  the  middle  of  a  pond  or  lake,  a  loaded 
three-pronged  hook,  attached  to  a  hue,  may  be  used  ;  this  is 
swung  round,  and  may  be  thrown  to  a  distance  of  20  to 
2.')  yards,  where  it  sinks,  and  the  weeds  that  are  caught  by  the 
hooks  are  dragged  on  shore. 

By  these  various  means  a  good  collection  of  pond  organisms 
can  readily  be  made  after  a  little  practice.  Though  the  spring 
and  autumn  are  perhaps  the  best  season  for  collecting.  Pond-life 
is  never  absent,  even  in  the  winter  under  the  ice. 

Having  thus  filled  some  bottles  with  condensed  water  from 
various  ponds,  and  placed  some  promising  branches  of  water 
plants  in  another  bottle  filled  with  uncoudensed  and  clean  pond 
water,  the  bag  is  taken  home.  It  is  a  great  mistake,  however, 
to  overstock  the  bottles  with  weeds,  as  the  plants  in  such 
crowded  bottles  may  begin  to  decompose,  killing  most  of  the 
animals  in  a  short  time. 

On  reaching  home,  the  first  thing  to  do  is  to  empty  the 
collecting  bottle  into  larger  vessels  or  small  aquaria  in  such  a 
way  that  the  captures  may  be  more  critically  examined,  isolated, 
and,  if  found  desirable,  placed  under  the  microscope. 

By  far  the  best  and  most  convenient  way  of  doing  this  is  to 
transfer  the  contents  of  each  bottle  into  a  small  window 
aquarium,  filling  it  up  with  tap  water.  The  weeds  and  rootlets 
that  have  been  brought  home  are  put  in  another  window 
aquarium  in  clean  pond  water. 

These  small  window  aquaria,  with  flat  and  parallel  sides  6  to 
8  inches  long  by  5  to  6  inches  high  and  only  \^  inches  wide 
inside,  are  the  best  nurseries  for  the  microscope.  The  difficulty 
of  seeing  and  capturing  small  objects  in  a  large  or  ordinary 
round  aquarium  is  very  great,  and  the  use  of  the  pocket  lens 
almost  hopeless,  whilst  in  these  flat  and  narrow  aquaria  no 
object  is  out  of  reach  of  the  lens,  and  the  whole  contents  can  be 
looked  over  without  difficulty  and  in  a  very  short  time. 

By  placing  the  tank  on  a  what-not  at  a  convenient  height 
before  a  window,  or  before  a  lamp  at  night,  most  of  the  free- 
swimming  Rotifers  will  collect  against  the  glass  nearest  to  the 
light,  where  they  can  be  examined  with  the  greatest  ease  and 
picked  up  with  the  pipette  if  desired.  A  disk  of  black  card- 
board placed  some  little  distance  behind,  produces  a  very  good 
dark  ground,  against  which  the  smallest  visible  specks  stand  out 
well. 

The  condensed  pond  water  is,  of  course,  frequently  so  dirty 
with  floating  particles  'of  dSrin,  that  it  is  at  first  hardly 
possible  to  see  through  it;  but  after  standing  half-an-hour  it 
will  be  found  that  most  non-living  particles  will  have  fallen  to 
the  bottom,  and  after  several  hours  the  water  will  be  quite 
clear  and  every  living  creature  will  be  readily  seen. 

During  the  summer  months,  when  Daphnia  and  Cyclops  are 
abundant,  the  net  frequentlj'  collects  these  in  such  numbers 
that  they  become  a  nuisance.  In  order  to  separate  them,  when 
such  is  the  case,  I  have  adopted  the  plan  of  passing  the  water 
through  a  small  sieve  made  of  material  with  meshes  sufficiently 
wide  to  allow  the  largest  Rotifers  and  Infusoria  to  go  through, 
whilst  keeping  back  most  of  the  Cyclops  and  Water-fleas  ;  the 
latter  are  then  transferred  to  a  separate  tank  to  be  examined  by 
themselves. 

It  is  very  desirable  to  examine  the  collected  objects  as  soon 
as  convenient,  the  same  day  if  at  all  possible,  and  not  later  than 
the  day  after  their  capture,  as  many  organisms  soon  die  and 
disappear  under  the  crowded  and  unnatural  conditions  in  which 
they  are  kept   in   c.iptivity.     Rotifers  can  often,  particularly  in 
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cool  and  cold  weather,  be  kept  for  a  week  or  fortnight,  and  some 
species,  such  as  Meliirrta,  occasionally  for  months  if  food- 
material  in  the  shape  of  fresh  pond-water  can  be  provided. 
Failing  pond-water,  water  from  hay  infusions,  which  mostly 
contains  quantities  of  bacteria  and  minute  Infusoria,  may  be 
added.  The  various  species  of  Polyzoa  and  Sponges  can  also  be 
kept  alive  a  considerable  time  by  feeding  them  in  a  similar  way, 
but  Hydras  require  a  fare  of  Water-fleas  if  they  are  to  thrive. 

For  keeping  microscopic  life  I  have  found  no  difference 
between  large  and  small  aquaria,  but  the  small  tanks  are  the 
more  manageable;  the  great  thing  to  be  attended  to  is  the 
proper  aeration  with  water  plants,  of  which  AnacharU,  Fonte- 
niil's,  and  T'(W.<»cWaare,  perhaps,  the  best,  and  not  to  overstock 
the  tank  with  either  animal  or  vegetable  life.  The  water  need 
not  be  changed,  but  a  little  fresh  j)ond  water  should  be  added 
from  time  to  time.  Larger  animals,  such  as  small  fish,  water- 
beetles  and  snails  must  be  excluded  altogether  from  small  tanks, 
and  Polyzoa  and  Sponges  must  be  kept  therein  in  very 
moderate  quantity  and  small  colonies  only. 

In  order  to  ensure  success  it  is  essential  to  maintain  a  proper 
balance  between  the  animal  and  vegetable  life,  and  also  to 
supply  fresh  food  frequently,  for  microscopical  animals  no  more 
than  the  larger  beasts  can  live  long  without  food.  To  some 
extent,  no  doubt,  they  feed  on  each  other,  but  in  a  small 
aquarium  their  hunting  ground  is  very  limited  and  the  game  soon 
becomes  scarce.  Asplanchnn  can  be  seen  under  the  microscope 
to  feed  on  Annraia,  lirarhioniis,  Pohjarthra,  Triarihra,  and 
other  Kotifers  when  it  can  catch  them,  and  their  shells  and 
remains  are  frequently  found  in  Asplanchna's  stomach. 

On  the  whole,  the  best  plan  is  to  go  out  and  collect  a  fresh 
supply  from  time  to  time  and  as  often  as  may  be  convenient. 
I  may  mention  that  at  the  middle  of  January,  I  had  many 
thousands  of  Rotifers  in  a  tank  which  I  collected  two  days 
before  in  the  Grand  Junction  Canal,  near  Westbourne  Park 
Station.  The  Canal  was  covered  with  blocks  of  ice,  and  the 
time  spent  near  the  water  did  not  exceed  ten  minutes,  during 
which  I  filled  a  large  bottle  with  water  condensed  by  means 
of  the  ring  net. 

Everyone  who  has  worked  at  Pond-life  will  have  experienced 
how  awkward  it  is  to  examine  with  a  pocket  lens  and  at 
the  same  time  attempt  to  pick  out  a  particular  animal  in 
order  to  place  it  under  the  microscope.  In  order  to  have  both 
hands  free  for  this  operation,  and  to  keep  the  lens  fixed  to  a 
particular  spot,  I  devised,  some  years  ago,  a  small  aquarium 
microscope  "  ( Fig  2),  which  is  simply  a  flat  metal  arm,  jointed  in 


Fro.    2.— Jlr.    C.   F.  Rous^elcfs   Tank    Mirroscope   and   Window 
Aquarium,  with  tlic  Hat  holtlc  and  collecting  net. 

such  a  way  that  it  allows  the  lens  to  be  moved  all  over  the  sur- 
face, but  in  one  plane  only,  parallel  to  the  side  of  the  window 
aquarium,  whilst  the  lens  is  focusscd  by  a  small  rack  and  pinion 
on  the  loft.  The  whole  apparatus  is  screwed  on  to  a  small 
wooden  stand,  on  which  the  tank  is  placed.  The  lens  used  is 
Zeiss'  aplanatic  combination  x  li  diameters,  which  has  wmking 
distance  enough  to  focus  right  through  the  tank,  and  sullicient 

•  Made  by  C.  Baker,  of  Higli  Holborn,  and  described  in  Journal 
Que/cel(  Micro,  Club,  Vol.  IV.,  1890,  pp.  53-5!.. 


amplification  to  enable  one  to  recognise  most  Rotifers,  Infusoria, 
etc.,  and  anything  uncommon  or  new  can  at  once  be  detected 
and  secured.  Moving  objects  can  readily  be  followed  with  the 
lens,  and  pond  weeds  can  be  searched  for  anything  that  may  be 
growing  on  them,  whilst  the  lens  remains  fixed  in  any  position 
it  may  be  placed.  I  have  had  this  tank  microscope  in  constant 
use  for  over  twelve  years,  and  can  recommend  it  as  thoroughly 
practical,  efficient,  and  time-saving. 

In  a  future  paper  I  propose  to  describe  those  methods  which 
long  experience  has  proved  to  be  the  most  practical  in  the 
examination  of  living  objects  under  the  microscope. 


The  Qcekett  MrcROSCOPic.vL  Ct.fi}. — It  may  not  be 
generally  known  that,  in  connection  with  this  Club,  excursions 
take  place  on  Saturday  afternoons  during  the  summer  season  to 
hunting  grounds  that  invariably  yield  rich  spoil  to  the 
microscopist.  Among  the  localities  yet  to  be  visited  this 
season  are  Wallington,  Totteridge,  Chingford,  and  Hadley 
Wood.  Those  who  may  be  interested  in  Pond-life  and  similar 
subjects  would  derive  many  advantages  from  becoming 
members  of  this  Club,  not  the  least  of  which  is  the  opportunity 
of  joining  these  excursions.  Communications  should  be 
addressed  to  Mr.  A.  Earland,  Reading  Villa,  Denmark  Street, 
Watford. 

AccuR.^TE  WoRKixo. — The  microscope  never  does  its  best 
except  the  user  apply  his  best  abilities  to  its  manipulation.  It 
is  not  to  be  expected  that  the  worker  who  refers  to  his 
microscope  as  a  matter  of  necessity  or  routine  can  give  to  every 
point  the  care  that  it  deserves,  and,  indeed,  properly  requires, 
but  it  is  not  too  much  to  expect  that  these  who  are  eng^ed  in 
original  research,  and  those  amateurs  who  have  leisure  and  are 
provided  with  everything  that  is  the  most  perfect  of  its  kind, 
should  employ  it  so  as  to  secure  the  maximum  effect.  Those 
who  have  seen  the  wonderful  manner  in  which  a  Test  Diatom  or 
a  Rotifer  will  be  displayed  by  one  of  our  leading  workers,  will 
be  disposed  to  credit  the  objectives  used  with  the  greater  part 
of  the  effect,  but  it  is  almost  invariably  due  to  the  exquisite 
care  which  has  been  bestowed  on  the  arrangements  in  every 
small  detail.  So  much  of  beauty  and  effect  is  lost  through 
want  of  care  or  lack  of  appreciation  of  essentials,  that  it  behoves 
those  who  use  a  microscope  to  devote  to  it  all  the  practice  and 
thought  that  will  enable  them  to  wrest  from  it  the  best  it  is 
capable  of  yielding.  Enough  has  been  written  previouslj'  of  the 
desirability  of  proportioning  the  aperture  and  power  of  the 
substage  conden.ser  to  that  of  the  objective,  and  of  its  use  and 
adjustment,  but  it  is  scarcely  recognised  as  it  should  be  how 
much  the  critical  sharpness  and  definition  can  be  improved  by 
the  use  of  the  mechanical  draw-tube. 

Neither  the  complete  aperture  of  the  objective  nor  its  fullest 
correction  for  spherical  aberration  are  utilised  unless  this 
important  consideration  is  studied,  and  this  means,  further,  that 
eyepieces  of  deep  power  cannot  be  so  advantageously  used  if  it 
is  neglected.  Some  workers  are  not  possessed  of  a  reallj'  keen 
critical  eye,  and  are  not  readily  able  to  decide  whether  an 
objective  works  at  its  best  within  a  variation  of  tube  length  of 
three  inches  or  more,  but  it  is  possible  to  so  cultivate  this 
quality  as  to  be  sensible  of  a  lessening  of  effect  if  the  tube 
length  be  varied  so  small  an  amount  as  one  millimetre,  that  is, 
assuming  that  every  other  detail  has  received  equal  attention. 
It  would  be  a  good  manipulative  exercise  for  those  who  are 
really  interested  in  seeing  all  the  microscope  is  capable  of 
revealing,  to  give  careful  attention  to  the  minuter  details,  arnl 
especially  to  the  adjustment  by  tube  length. 

Mounting  Notes. — ihues  innl  Lirerwortg. — A  correspon- 
dent has  sent  some  interesting  suggestions  arising  out  of  the 
article  by  Jlr.  Russell  on  this  subject. 

He  remarks  that  ''  Good  glycorine-jelly  will  not  deliquesce  in 
ordinary  temperatures  ;  but,  like  all  gelatinous  substances,  is 
extremely  sensitive  to  changes  of  temperature,  more  especially 
when  accompanied  by  moisture,  expanding .  and  contracting 
freely.  The  cement  placed  round  the  cover-glass  is  necessarily 
rigid,  and  the  cover-glass  being  usually  finally  cleaned  while 
hold  between  the  thumb  and  finger,  a  little  grease  probably 
adheres  to  an  occasional  edge.  Presuming  this  to  be  so,  wheu 
expansion  takes  place  tiny  apertures  permit  the  jelly  to  escape  ; 
in  fact,  when  the  cement  extends  some  distance  over  the  cover- 
glass  ca]iillarity  actually  invites  such  escape." 
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He  therefore  uses  no  cements,  but  after  allowing  a  fortnight 
for  drying,  he  covers  the  remainder  of  the  sliji  with  paper, 
being  cartful  to  avoid  any  pressure  when  applying  it.  By  this 
means  he  has  been  able  to  secure  mounts  which  have  every 
promise  of  permanence,  and  much  trouble  in  the  preparation  is 
obviated. 


NOTES   AND    QUERIES. 

W.  n.  ToiDit/. — Mr.  J.  T.  Neeve  suggests  that  you  soak  the 
Algae  in  methylated  spirit  for  some  little  time  to  make  them 
transparent,  and,  in  order  that  you  may  experiment,  I  have  sent 
you  some  fronds  that  I  have  received  from  him,  but  is  it  really 
necessary  for  such  delicate  specimens  as  DelUxeria  to  be  treated 
in  this  way  at  all  ?  Are  they  not  sufficiently  transparent  for 
lantern  projection  without  this  ? 

E.  W.  Najjper. — The  following  is  the  formula  for  Deane's 
medium  : — 

Gelatine       ...  ...  ...         1  oz. 

Honey  ...  ...  ...         6  ozs. 

Water  ...  ...  ...         .5  ozs. 

Rectified  spirit  ...  ...         i  oz. 

Creosote       ...  ...  ...         6  drops. 

Soak  the  gelatine  in  the  water  until  soft,  add  the  honey,  then 
boil  the  mixture.  When  it  has  cooled  somewhat,  the  creosote 
mixed  with  the  spirit  is  added.  Lastly,  filter  through  fine 
flannel.     The  medium  is  used  warm. 

A.  II.  Brett. — The  specimen  you  send  is  an  egg  cluster  of 
whelk. 

Communications  and  enquiries  on  Microscopical  matters  are 
cordially  invited,  and  should  be  addressed  to  M.  I.  Cross 
Knowledge  Office,  326,  High  Holbom,  W.C. 


NOTES  ON   COMETS   AND    METEORS. 

By  W.  F.  Denning,  f.b.a.s. 

Fatb's  Comet. — This  interesting  periodical  comet  has  probably 
returned  to  perihelion  this  year  after  a  much  shorter  interval  than 
usual,  having  experienced  considerable  perturbation  from  Jupiter.  Xo 
information  of  its  recent  redetection  lias,  honever,  come  to  hand,  and 
the  probabilities  are  that  it  will  escape  notice  owing  to  its  unfavourable 
position.  This  comet  has  been  observed  during  each  of  the  seven 
returns  which  it  has  made  since  1S43,  and  its  average  period  has  been 
2735  days  or  7-488  years.  Tlie  following  is  a  list  of  the  dates  of  its 
perihelia  and  of  its  periods  of  revolution  : — 


Perihelion  Passage. 

1843  October  17 
1851  April  3 
1858  September  12 
186fi  Februarv  13 
1873  July  18" 
1881  January  22 
1888  August  9 
1896  March  19 
1903  June  3 


;volntion.  J^'^^  °^ 

Days.  Discovery. 

1843  Nov.  22  ...  Fave 

2725     ...  1850  Nov.  28  ...  Challis 

2719     ...  1858  Sep.      8  ...  Bruhns 

2711  ...  1865  Aug.  22  ...  'J  hiele 

2712  ...  1873  Sep      3  ...  Stephan 
2745     ...  1S80  Aug  25  ...  Tempel 
275f?     ...  1880  Aug.  19  ...  Perrotin 
2779     ...  1S95  Sep.   26  ...  Javelle 
2631   (Predicted) 


E 

A. 

Dec. 

Brightness 

4 

42 

+   18-6 

0055 

5 

46 

+  18-4 

0053 

6 

45 

+   16-8 

0  0  VI 

7 

39 

+   14-1 

0049 

Dr.  Elis  Stromgren,  of  Kiel,  gives  the  following  ephemeris  in 
Ast.  Xach.,3SbS:  — 

Date 

1903. 

June  26'5 

Jidv  18-5 

Aug.    95 

.,     31-5 

When  last  seen  on  1896,  January  15,  the  light  of  tlie  comet  was 
=  0  061,  so  it  should  be  rather  fainter  than  that  during  the  present 
summer,  when  it  will  be  not  far  west  of  the  sun  and  moving  from  the 
head  of  Taurus,  through  Gemini,  into  Cancer. 

New  Comet.— On  April  17,  llr.  J.  Grigg,  of  Thames,  Ne<v 
Zealand,  discovered  a  small  comet  in  the  S.  E.  region  of  Cetus.  It 
was  soon  found  that  the  object  had  passed  its  perihelion  on  March  25 
and  was  recedmg  both  from  the  sun  and  earth.  It  was  observed  by 
Mr.  John  Tebbutt  at  Windsor,  N  S.W.,  on  April  26,  but  its  position 
since  its  discovery  has  been  too  far  south  for  English  observers  to 
ubtaia  a  view  of  it. 


Apbil  Meteors.  —  Prof.  A.  S.  Herschel,  at  Slough,  secured  a 
valuable  series  of  observations  between  April  16  and  23,  watching  for 
21  hrs.  20  rains.,  in  the  aggregate  and  recording  85  meteors,  of  which 
23  were  Lyrids.  Meteors  were  generallv  very  scarce.  8  Lyrids  were 
seen  in  3|  hrs.  on  April  21.  and  11  in  5  "hrs.  on  April  22.  The 
radiant  was  at  269°  +  34",  and  about  4  degrees  in  diameter. 

Mr.  A.  King,  of  Leicester,  watched  for  meteors  on  nme  nights,  from 
April  15  to  21,  the  weather  being  extremely  favourable.  In  19^  hrs. 
observation  he  registered  80  meteors,  including  25  Lyrids.  The  latter 
were  nearly  all  .seen  on  April  21  and  22,  and  the  maximum  occurred 
on  the  2 1st,  but  it  was  rather  a  feeble  display. 

Several  bright  meteors  were  also  seen  from  a  radiant  at  about 
216"  —  26°,  which  represents  a  return  of  a  well-defined  shower 
observed  by  Prof.  Herschel  and  others,  from  the  point  218°  -  31°, 
during  the  April  epoch  of  1900. 

3Iat  Aquabids. — A  rich  display  of  these  meteors  was  observed  by 
Mr.  Gr.  M.  Knight,  of  London,  W.C,  on  the  first  four  mornings  of 
Mav  last.  25  Aquarids  were  recorded,  of  which  18  were  equal  to 
or  exceeded  stars  of  the  1st  mag.  in  brilliancy.  They  had  long 
flights,  slow  motions,  were  generally  of  an  orange  colour,  and  left  fine 
trails.  The  mean  place  of  the  radiant  was  at  330"  ±  0",  but  Mr.  Knight 
thought  that  the  point  exhibited  a  decided  N.E.  movement  during 
the  four  nights  of  observation,  the  centre,  before  sunrise  on  May  1, 
being  at  327°  —  3",  while  on  May  4  it  appeared  to  be  at  332"  +  3°. 

Mat  Meteoes. — A  period  of  very  clear  summer-like  weather 
occurred  between  May  18  and  31,  and  observations  were  obtained  by 
the  writer,  at  Bristol,  on  11  nights.  Meteors  were,  however,  visible 
in  scantv  numbers,  only  75  being  noted  in  18^  hours  of  watching. 
There  were  feeble  radiants  at  194"  +  58°,  248"  -i-  27°,  263°  -I-  37", 
273"  4-  22",  278°  +  31",  311°  +  80",  330"  -i-  58",  and  331°  +  72". 
Perhaps  the  most  interesting  object  recorded  was  a  small  fireball, 
which  appeared  on  May  26,  13h.  48m.,  falling  very  slowly  in 
4  seconds,  from  143°  +  71°  to  98°  +  66i".  A  stream  of  yellow  sparks 
followed  in  the  immediate  wake  of  the  nucleus  as  it  sailed  leisurely 
down  the  northern  sky. 

DocBLT-OBSEEVED  Meteoh. — Prof.  Herschel.  of  Slough,  recorded 
a  meteor,  equal  in  brightness  to  Vega,  on  May  26,  llh.  47m.  It 
traversed  a  path  from  225°  -i-  73^°  to  172°  +  56°  in  1'2  seconds,  and 
left  a  rather  bright,  white  streak.  The  same  object  was  observed  by 
the  writer  at  Bristol,  moving  ratlier  slowly  from  315°  -I-  37°  to 
309°  +  61"  in  2  seconds,  and  leaving  a  bright  streak  along  three- 
fourths  of  its  track.  The  meteor  was  evidently  an  early  Pegasid 
directed  from  321°  +  11°.  Its  luminous  flight  began  at  a  height  of 
64  miles  over  Dunstable,  and  ended  near  Burford,  Gloucestershire, 
extending  over  51  miles  at  a  velocity  of  31  miles  per  second. 

L-\rge  Meteors. — On  May  8th,  5h  SOm  p.m..  Miss  Westmacott, 
at  Haslemere,  Surrey,  observed  what  appeared  like  a  silver  meteor 
travelling  with  great  speed  from  E.  to  W.,  at  an  angle  of  about 
35  degrees  On  Sunday.  May  24th,  two  brigiit  meteors  were  noticed 
by  the  Rev.  \\'.  F.  A.  Ellison,  of  Enniseorthy.  The  first  appeared  at 
lOh.  20ni  G.M.T.,  and  was  about  equal  to  Venus.  It  passed  slowly 
from  180"  —  8°  to  133°  +  12 j°  in  6  seconds.  Colour  white  or  yellowish. 
It  left  a  long  faint  train.  The  second  meteor  appeared  at  lOh.  59m. 
G.M.T.,  and  was  of  the  brightness  of  Mars.  It  travelled  from 
172'  -I-  51°  to  267°  -I-  73°  in  3  seconds,  and  left  a  broad  and  strong 
nebulous  train.  The  radiants  of  these  meteors  were  probably  at 
252"  —  24"  and  147"  —  12°,  but  no  other  observations  have  come  to 
hand. 


THE   FACE   OF  THE   SKY  FOR   JULY. 

By  W.  Shackleton,  f.e.a.s. 

The  Sun. — On  the  1st  the  sun  rises  at  3.48  and  sets  at 
8.18  ;  on  the  olst  he  rises  at  4.22  and  sets  at  7.50. 

The  earth  is  at  its  greatest  distance  from  the  sun  on  the 
3rd,  when  the  sun  is  in  apogee,  and  then  has  its  le.ist 
apparent  diameter  of  31'  30''"6. 

Small  groups  of  suuspots  have  been  frecjuent  of  late. 

The  Moon: — 


Julv 


Phases. 
])    First  Quarter 
O  Full  Moon 
([    Last  Quarter 
#  New  Moon 
])    First  Quarter 


9     2  P.M. 

5  43  P.M. 

7  24  P.M. 

12  46  P.M. 

7  15  a.m. 
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The  moon  is  in  apogee  on  the  lOtli,  aiicl  in  perigee  on 
the  24th. 

There  are  two  occultations  of  comparatively  bright  stars 
during  the  mouth.     The  particulars  are  as  follow: — - 
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i 

Disappearance.      ! 

Beappearance. 
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52 

92 

2  47  a.m.  1  272  1  310 

23  20 

The  Planets. — Mercury  is  a  morning  star  in  Gemini, 
rising  about  an  hour  before  the  sun  at  the  beginning  of 
the  month  ;  this  interval,  however,  rapidly  diminishes  and 
the  planet  is  in  superior  conjunction  with  the  sun  on 
the  26th. 

Venus  is  an  evening  star,  and  increasing  in  brilliancy  in 
consequence  of  her  diminishing  distance  from  the  earth. 
She  attains  her  greatest  easterly  elongation  of  45^  30'  on 
the  lOtii,  when  she  exhibits  the  phase  of  the  half  moon  and 
has  a  diameter  of  2.5".  The  diameter  of  the  planet  rapidly 
mcreases  from  22"  at  the  beginning  of  the  month  to  .32'' 
at  the  end,  whilst  the  phase  changes  to  crescent  at  a 
correspondingly  rapid  rate.  The  period  of  "  greatest 
brilliancy  "  does  not  take  place  until  about  one  month 
after  greatest  elongation.  At  the  middle  of  the  month  the 
planet  is  on  the  meridian  at  3.7  p.m.,  having  an  altitude 
of  47i° ;  a  little  searching  with  a  pair  of  field-glasses 
should  enable  the  planet  to  be  found  readily.  On  the  1st 
cpf  the  month  Venus  sets  at  10.30  p.m.,  and  on  the  31st 
at  9  P.M. 

Mars  is  getting  more  to  the  west,  and  also  is  decreasing 
in  brightness.  During  the  month  the  diameter  decreases 
from  8"'4  to  7''"2.  On  the  1st  he  sets  at  11.4-5  p.m.,  and 
on  the  31st  at  10.10  p.m.  The  planet  is  describing  a 
direct  or  easterly  path  in  Virgo,  and  on  the  22nd  jiasses 
about  H°  north  of  Spica.  Mars  is  in  quadrature  ■with  the 
sun  on  the  6tli,  when  he  presents  the  maximum  gibbosity, 
0'87  of  the  disc  being  illuminated.  The  planet  is  near  the 
moon  on  the  1st,  and  after  he  has  set  to  the  British  Isles 
he  approaches  at  2  a.m.  on  the  morning  of  the  2ad  within 
9'  of  the  southern  limb  of  the  moon. 

Jupiter  rises  on  the  1st  about  11.20  p.m.,  and  on  the 
31st  at  9.20  p  M.,  therefore  as  Venus  is  setting  Jupiter  is 
rising.  The  jilanet  is  describing  a  direct  path  in  Aquarius 
uj)  to  the  14th,  when  he  is  stationary,  after  which  date  his 
motion  is  retrograde.  About  the  middle  of  the  month  the 
l)olar  diameter  of  the  planet  is  41"4.  This  year  the  planet 
will  be  a  little  better  placed  than  last,  since  he  is  gradually 
moving  to  a  higher  declination. 

Saturn  is  in  opposition  on  the  30th  ;  he  is  situated  in 
Capricornus,  and  rises  on  the  1st  about  9.45  p.m.,  and 
on  the  31st  about  7.45  p.m.  The  planet,  however,  is  not 
very  favourably  situated  on  account  of  his  south  declination 
of  19^.  The  polar  diameter  of  the  ball  is  17"-2,  and  the 
outer  diameters  of  major  and  minor  axes  of  llie  ring  are 
42"'9  and  13"'7  respectively.  The  northern  surface  of  the 
ring  is  visible 

Uranus  rises  about  7  i'.m.  on  the  1st,  and  about  5  p.m. 
on  the  oLst;  near  the  inid<lle  of  the  month  he  is  on  the 
meri<lian  at  10  p.m.  As  shown  by  the  chart  in  last 
month's  number,  his  path  lies  near  51  Ophiuchi. 

Neptune  is  out  of  range,  being  in  conjunction  with  the 
sun  towards  the  end  of  last  mouth. 


The  Stars.— About  9  p.m.  near  middle  of  the  month: — 
Zenith     .     Draco,  Hercules,  Lyra. 

South       .     Corona,  Serpens,  Ophiuchus,  Libra,  Scorpio. 
East         .     Delphinus,  Aquila,  Capricornus ;    Sagittarius 
to  the  S.E. ;  Pegasus  and  Cygnus  to  the  N.E. 
West        .     Bootes,  Great  Bear,  Cor  Caroli,  Leo,  Virgo. 
Nobth      .     Ursa  Minor,  Cassiopeia  ;  Capella  on  horizon. 


Ctjcss  Coltttttn. 

Bv     C.      D.     LOCOCK,     B.A. 


Communications  for  this  column  should  be  addressed 
to  C.  D.  LococK,  Netherfield,  Camberley,  and  be  posted 
bv  the  10th  of  each  month. 


Solutions  of  June  Problems  (J.  C.  Candy). 
No.  1. 
1.  R  to  Bsq,  and  mates  next  move. 
No.  2. 
Kev-move— 1.  R  to  Kt2. 
If  1.  .  '  .  P  to  R3,     2.  R  to  E2. 
1.  .  .  .  KtoK5,     2.  RtoB2. 
Soltjtions   received    from    "Aljaha,"    2,  4;    W.    Nash, 
2,  4;    G.  A.  Forde   (Major),   0,  0;    "Looker-on,"    2,  4; 
W.  H.  S.  M.,  2.  4;    G.  W.  Middleton,  2,  4:  "  Quidam," 
2,  4;  J.  W.  Dixon.  2,  4;  C.  Johnston,  2,  4  ;  H.  F.  Culmer, 
2,  4;    T.  Dale,  2,  4;    E.  A.  Servante,   2,  4;    A.   H.   H. 
(Croydon),  2,  0 ;   W.  J.  Lawson,  0,  0. 


Solution  of  Conditional  Problem  (Mrs.  Baird). 
White's  last  move  was  P  (Q5)  x  Kt  at  K6.    He  retracts 
this  and  plays  instead  B  to  Ktsq.    Black  then  plays  Kt  to 
QB4,  allowing  B  x  B  mate. 

Correctlv  solved  bv  J.  W.  Dixon,  C  Johnston,  G.  A. 
Forde  (Major),  W.  H  S.  M.,  H.  F.  Culmer,  W.  Nash, 
T.  Dale.      "  ^ 

(x.  A.  Forde  (Major). — Probably  I  need  not  point  out 
whei-e  you  have  gone  astray.  I  suspect  that  your  1.  RQB5 
was  a  clerical  error. 

W.  Nash. —15.  P  to  Kt3  was  an  unfortunate  misprint 
for  B  to  Kt3.  So  also  18.  R  to  Q2  for  B  to  Q2,  as  you 
correctly  guess. 

P.  H.  Williams. — Many  thanks.  They  shall  appear 
before  the  year  is  out. 

Hamilton  White. — I  must  explain  that  a  "  cook,"  in 
chess  parlance,  signifies  a  second  solution.  To  "  suspect  a 
cook "  means  therefore  to  suspect  the  possibility  of  a 
second  solution  ;  not,  as  you  appear  to  take  it,  to  suspect 
the  bona  fides  of  a  correspondent. 

E.  A.  Servante. — I  expect  that  your  problems  will  be 
found  up  to  the  standard. 


SOLUTION    TOURNEY. 
The  following  are  the  )irincipal  scores  u]i  to  the  end  of 


June : 


W.  Nash 

Looker-on 

J.  W.  Dixon     ... 

O.  Johnston 

W.  H.  S.  M.     .. 

G.  W.  Middleton 

Alpha    .. 

A.  II    H.  (Croydoin 

Quidam 


38 
38 
38 
38 
34 
:U 

oO 
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PROBLEMS. 

By  P.  G.  L.  F. 

No.  1. 

Buck  (7). 


mm      wm      mm 


^P  *  mm  M^  w^% 
■WW 


Mi    ■ 


i  »  g 


WniTE  (8). 

White  mates  in  t^yo  moves. 
No.  2. 

Black  t9). 


W4,    m 


m    m    m 


White  (4). 

White  mates  in  three  moves. 

The  very  lively  game  below  was  played  in  th( 
Carlo  Tourney. 

"  Centre  Counter  Gamliit." 


Monte 


White. 

Black. 

Dr.  Tan-aseh. 

J.  Mieses. 

I.  P  to  K4 

1.  P  to  Q4 

2.  P  X  P 

2.  Q  X  P 

3.  Kt  to  QB3 

3.  Q  to  QR4 

4.  P  to  Q4 

4.  Kt  to  KB3 

5.  B  to  Q3 

6.  B  to  Ktf) 

fi.  KKt  to  K2 

6.  P  to  K3 

7.  B  to  KB4(rt) 

7.  Kt  to  Q4 

8.  B  to  Q2 

8    Kt  X  Kt 

'.).  P  X  Kt 

9.  Kt  to  Q2 

10.  Castles 

10.  P  to  QB3 

11.  Q  to  Ktsq  (/-) 

11.  B  X  Kt 

12.  B  X  B 

12.  Q  to  B2 

13.  P  to  KB4 

13.  B  to  Q3 

14.  BloQ3 

14.  P  to  KKt4 

15.  Q  to  Bsfj 

15.  Kt  to  B3 

16.  P  to  B4 

16.  KttoE4 

17.  P  to  Kt3 

17.  P  X  P 

18.  Q  to  Qsq  (c) 

18.  Kt  to  Kt2 

19,  PtoBn 

If).  B  to  K2 

20.  Q  to  Q2 

21.  P  to  KIU 
22    K  to  Hsi| 

23.  P  to  B4 

24.  B  lo  K14 

25.  E  to  E3 
K  to  B2 
B  to  K6  ((/) 
P  to  B5 

2!».  Kt  to  B4 
30.  K  to  KKtsq 
Eesitrns. 


26. 


28. 


20.  B  X  P 

21.  P  to  B;i 

22.  B  to  K5 

23.  B  to  Kt6 

24.  B  X  KP 

25.  B  to  B3 

26.  K  to  Kt2 

27.  PtoKR4 

28.  Q  to  K2 

29.  Q  X  B  (!) 

30.  Q  X  P 

31.  Q  X  R  (!) 

Notes. 

{(t)  Apparently  wasted  time,  hut  the  same  would  apply 
to  Black's  reply. 

(6)  To  unpin  the  Knight.  By  its  captm-e  Black  gives 
his  opponent  the  advantage  of  two  Bishops  iu  an  oj)en 
position. 

(e)  Black  is  now  caught  in  a  trap  of  his  own  setting. 
His  last  five  moves  have  simply  been  waste  of  time,  and  he 
now  loses  the  Pawn  gained,  and  obtains  besides  a  practi- 
cally losing  position. 

(cZ)  Apparently  overlooking  the  uselessness  of  his  next 
move  ;  but  in  any  case  the  position  is  quite  hopeless.  The 
White  Queen  does  some  sm-prising  execution  at  the  end. 

CHESS   INTELLIGENCE. 

The  following  was  the  final  result  of  the  "  King's 
Gambit "  Tourney  at  Vienna: — M.  Tchigorin,  13;  F.  J. 
Marshall,  \\\;  G.  Marco,  11  ;  H.  N.  Pillsbury,  10  G. 
Maroczy,  J.  Mieses  and  E.  Teichmann,  9;  Sviderski,  8i  ; 
C.  Schlechter,  7  ;  I.  Gunsbevg,  2.  Mr.  Teichmann  would 
have  been  higher  but  for  ill-health,  but  Mr.  Giinsberg 
made  a  very  disappointing  reapjiearance. 

The  Championsliij)  of  the  Southern  Counties'  Chess 
Union  has  been  won  for  the  seventh  time,  by  Surrey,  for 
whom  Mr.  G.  E.  Wainwright  has  played  at  the  top  board. 
Worcestershire,  led  by  Mr.  Bellingham,  have  come  out  at 
the  head  of  the  Midland  Counties'  Union  for  the  third 
vear  in  succession. 
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in  its  retiu'n,  although  every  care  will  be  taken  of  those  sent. 
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THE    ANCESTRY    OF    THE    ELEPHANT. 

By  K.  Lydekker. 

The  two  exi.stinof  species  of  elephauts— Asiatic  and  the 
Afriean — are  not  oiily  the  largest,  but  also  two  of  the 
most  isolated  amouo;  the  auinials  of  the  present  day.  Tor 
although  evidently  allied  to  more  typical  hoofed  mammals, 
like  rhinoceroses,  yet  they  are  so  different,  that  their 
relationship  is  evidently  remote.  Elephants  are  not  un- 
frequently  spoken  of  as  "  antediluvian  "  creatures  ;  and  if 
this  term  be  regarded  as  equivalent  to  ancient,  it  is  to  a 
great  extent  a  true  statement  of  the  case,  for  elephants 
and  their  progenitors,  the  mastodons,  flourished  during 
e]>ochs  wliich  are  old  indeed  in  relation  to  human  chrono- 
logy, although  modern  fmin  a  geological  standpoint.  But 
"  antediluvian  "  implies  in  this  sense,  if  we  mistake  not, 
more  than  mere  antiipiity,  and  indicates  the  primitive 
structural  characters  of  the  animals  to  -which  it  is  applied. 
In  certain  respects  an  ele])hant  is  indeed  decidedly  primi- 
tive, or  generalised,  although  in  other  ways  it  is  just  as 
specialised.  In  the  possession  of  five  toes"  to  each  foot,  as 
well  as  in  the  structure  of  the  wrist  and  ankle,  elephants 
are  indeed  truly  primitive.  Not  improbably,  in  spite  of 
the  fa('t  that  the  o])posit((  view  has  been  suggested,  the 
same  is  the  case  with  regard  to  the  peculiar  coiiforuiation 


of  their  limbs,  which  difEer  from  those  of  all  living 
mammals.  That  is  to  say,  in  place  of  a  marked  angulation 
at  the  junctions  of  their  different  segments,  the  bones  of 
each  limb  are  placed  almost  vertically  one  above  the  other. 
This  structural  peculiarity  is,  of  cour.se,  best  displayed  in 
the  skeleton,  although  the  straightness  of  limb  is  very 
perceptible  externally,  more  esj;>ecially  in  the  case  of  the 
African  species.  The  same  feature  characterises  certain 
extinct  mammals,  of  the  apjjroximate  size  of  rhinoceroses  ; 
and  from  this  it  might  be  assumed  that  straight  limbs 
were  common  to  all  the  earlier  animals.  Such,  however,  is 
certainly  not  the  case,  the  primitive  carnivora,  which  come 
very  close  to  being  the  ancestral  type  of  all  the  higher 
mammals,  having  the  limb-bones  as  much  angulated  as  in 
a  dog.  From  this  it  has  been  suggested  that  straightness 
of  limb  is  a  feature  of  comparatively  modern  origin, 
developed  for  the  purpose  of  carrying  the  immense  weight 
of  an  elephant.  But,  as  mentioned  later,  the  same  feature 
apparently  occurs  in  the  early  ancestors  of  the  elephant, 
which  were  much  smaller  creatures  ;  and  if  such  a  type  be 
necessary  in  the  case  of  an  elephant,  why  is  it  not  equally 
essential  in  that  of  such  a  huge  animal  as  the  white 
rhinoceros  ?  As  regards  limb-stiticture,  elephants  are 
therefore  apparently  primitive. 

On  the  other  hand  the  trunk,  or  proboscis,  of  an 
elephant  is  a  decidedly  specialised  organ,  developed  in 
correlation  with  the  great  length  of  limb  and  shortness  of 
neck  characteristic  of  elephants  and  mastodons. 

Equally  peculiar  and  specialised  is  the  dentition  of 
elephants,  which  consists  of  cheek-teeth,  or  grinders,  and 
tusks.  The  latter,  which  are  most  fully  developed  in  the 
males,  and  are  preceded  in  infancy  by  a  minute  baby-pair, 
are  confined  to  the  upper  jaw,  and  correspond  to  the  front 
teeth  of  beavers,  and  not  to  the  tusks  of  swine.  Some  of 
the  mastodons  had  only  upper  tusks,  but  in  others  a  pair 
was  also  developed  in  the  lower  jaw. 

Elephants,  like  tortoises,  attain  a  prodigious  age, 
living  to  between  one  hundi-ed  and  fifty  and  two  hundred 
years,  if  not  more.  To  attain  this  age,  it  is  obvious 
that  they  must  have  teeth  calculated  to  last  much  longer 
than  those  of  other  mammals,  which  liecome  worn 
out  within  twenty-five  years,  or  much  sooner.  In 
nature  there  are  two  wa\  s  by  which  teeth  may  be  made  to 
last  longer  than  usual.  They  may  either  grow  throughout 
life,  like  the  incisors  of  the  Ijeaver,  or  their  crowns  may  be 
abnormally  heightened.  Further  aid  in  the  same  direction 
is  afforded  by  retarding  the  appearance  of  the  hinder 
grinders,  so  that  they  shall  not  come  into  use  till  those  in 
front  are  nearly  worn  out ;  this  being  merely  an  exaggera- 
tion of  what  occurs  in  ourselves,  where  the  wisdom-teeth 
do  not  come  into  use  until  well  on  in  mature  life. 

In  modern  elephants  both  plans  have  been  folli>wed  ;  the 
first  in  the  case  of  the  tusks,  and  the  second  in  that  of  the 
cheek-teeth,  or  grinders.  During  life  six  pairs  of  grinders 
are  developed  in  each  jaw  of  an  elephant ;  the  first  pair  of 
each  series  being  small  and  almost  functionless,  while  the 
last  is  of  enormous  size,  and  does  not  make  its  appearance 
till  late  in  life,  although  the  exact  date  of  its  coming  into 
use  (as  in  the  case  of  the  other  teeth)  has  yet  to  be 
ascertained.  Each  lootli  consists  of  a  number  of  tall,  thin, 
transverse  ]ilatcs.  closely  packed  together,  and  coni)>rising 
layers  of  different  hardness,  so  that  when  worn  the 
grinding  surface  displays  a  series  of  low  ridges,  forming 
an  excellent  millstone.  The  number  of  these  plates 
increases  from  the  first  to  the  last  tooth  in  both  species  ; 
but  they  are  taller,  thinner,  and  more  numerous  in  the 
Asiatic  elephant  and  its  relative  the  extinct  mammoth, 
than  in  their  cousin  the  African  elephant.  As  the  teeth  in  the 
fore  part  of  the  jaws  are  gradually  worn  away,  their  stumps 
are  pushed  out  by  those  next  behind ;  the  whole  series  coming 
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lip  in  the  jaws  in  the  arc  of  a  circle.  By  this  arrangement 
it  results  that  there  are  never  more  tlian  two  teeth  in  use 
at  any  one  time  on  each  side  of  both  jaws  ;  while  in  old 
asfe  there  is  but  a  single  pair  of  cheek-teeth  in  each  jaw. 
When  these  last  become  so  worn  down  as  to  be  useless, 
the  elephant  must  die  ;  although  it  is  probable  that,  in 
most  cases,  death  takes  palace  before  such  a  completely 
toothless  condition  is  reached. 

It  is  thus  evident  that  modern  elephants,  far  from  being 
primitive  as  regards  their  dentition,  are  liiglily  specialized 
creatures.  The  nearest  approach  to  this  remarkable  mode 
of  dental  succession  is  presented,  among  living  mammals, 
by  the  manati,  or  sea-cow,  in  which  an  almost  endless 
series  of  cheek-teeth  come  up  one  behind  another  in  the 
jaws  as  those  in  front  are  worn  out  and  discarded.  In 
connection  with  this  resemblance  in  the  mode  of  succession 
of  the  teeth  of  the  manati  to  the  condition  obtaining  in 
the  elephants,  it  is  important  to  notice  that  the  ancestral 
elephants,  or  rather  proboscideans,  appear  nearly  related 
to  the  progenitors  of  the  manati.  In  the  early  ancestral 
forms  of  both  groups  the  cheek-teeth  were  of  a  uonnal 
type  as  regards  their  mode  of  succession,  the  whole  series 
being  in  use  at  once.  Consequently,  the  peculiar  mode  of 
succession  occurring  respectively  in  the  modern  elephants 
and  manatis  must  have  been  independently  acquired  in 
each.  Cases  of  such  parallelism  in  development  are  common 
enough  in  groups  of  widely  diverse  origin,  but  the  occur- 
rence of  the  phenomenon  in  groups  closely  connected  is  a 
very  remarkable  circumstance. 

As  already  mentioned,  the  component  plates  of  the 
cheek-teeth  of  the  African  elephant  are  fewer  in  number 


Fia.  1.— Grinding  Surface  of  a  Lower  Molar  of  the  African  Elephant. 

and  shorter  and  thicker  in  form  than  those  of  the  Asiatic 
elephant  and  mammoth.  Extinct  forms  show,  however,  a 
complete  transition  in  this  respect  between  the  two  types. 
On  the  other  hand,  there  is  a  gradation  in  dental  structure 
from  the  African  elephant  towards  the  extinct  group  of 
stegodons,  or  ridge-toothed  elephants,  of  which  the  fos- 
silised remains  are  met  with  abundantly  in  late  Tertiary 
formations  from  India  and  Central  Asia  to  Japan  and 
Java,  but  have  hitherto  been  found  in  no  other  part  of  the 
world.  In  these  ridge-toothed  elepliants,  as  their  scientific 
name  of  stegodon  implies,  the  plates  of  the  cheek-teeth  are 
reduced  to  low  transverse  ridges,  recalling  the  pitch  of  a 
slate  roof.  Each  ridge  is  separated  from  its  neighbour  bv 
an  open  V-shaped  valley;  and  the  number  of  ridges  in 
each  tooth  is  much  less  than  in  the  corresponding  tooth  of 
the  true  elephants.  A  further  peculiarity  is  to  be  found 
in  the  circumstance  that  in  the  third,  fourth,  and  fifth 
pairs  of  teeth  the  number  of  ridges  is  nearlv  the  same. 
This  equality  in  the  number  of  ridges  in  their  "inter- 
mediate molars,"  as  they  have  been  designated,  forms  a 
connection  between  the  ridge-toothed  elephants  and  the 
mastodons. 

Owing  to  the  miUstone-like  surfaces  formed  by  their 
cheek-teeth,  modern  elephants  masticate  their  food  by  a 
backwards-and-forwards  motion  of  their  jaws.  Obviously, 
however,  such  a  movement  would   be  incompatible  with 


transverse  ridges  separated  by  open  valleys  on  the  summits 
of  the  cheek-teeth  ;  and  it  is  consequently  evident  tliat  the 
ridge-toothed  elephants,  as  well  as  their  predecessors  the 
mastodons,  masticated  their  food  partly  by  a  champing 
and  partly  by  a  sideways  movement  of  the  jaws.  Sucii 
a  difference  in  the  method  of  mastication  is  noticeable 
between  the  modern  and  ancient  representatives  of  several 
groups  of  hoofed  animals — notably  in  the  case  of  the  horse 
as  compared  with  its  progenitors. 

One  of  the  ridge-toothed  elephants,  as  well  as  another 
extinct  Asiatic  species  more  nearly  allied  to  the  African 
elephant,  displays  a  peculiarity  in  its  dentition  which  tends 
to  show  the  derivation  of  the  group  from  animals  of  a  less 
specialised  type.  To  explain  this  it  must  be  mentioned 
that  the  whole  six  pairs  of  cheek-teeth  developed  in  each 
jaw  of  a  modem  elephant,  from  childhood  to  maturity, 
correspond  with  the  baby-molars  plus  the  permanent  molars 
of  the  human  dentition  ;  the  only  difference  as  regards 
number  being  that  the  elephant  has  three  of  these  baby- 
molars,  whereas  the  human  infant  possesses  but  two  on  each 
side  of  both  jaws.  Consequently,  the  elephant  possesses 
no  representatives  of  the  premolars  or  bicuspids  which 
vertically  replace  the  baby-molars  of  the  human  infant  as 
they  become  useless.  That  is  to  say,  except  in  the  case  of 
its  tusks,  an  elephant  has  no  vertical  replacement  of  its 
teeth  ;  in  other  words,  it  has  lost  the  premolars  common 
to  other  animals. 

From  the  stegodons,  or  ridge-toothed  elephants,  it  is 
but  a  step  to  the  mastodons,  which  are  mainly  dis- 
tinguished by  the  inferior  height  and  smaller  number  of 
their  transverse  ridges.  In  the  "  intermediate  "  molars  of 
one  type  of  mastodon,  the  number  of  ridges  is  four  on 
each  tooth,  although,  as  a  rare  abnormality,  there  may  be 
five.  Mastodons  show  a  step  away  from  elephants  in  the 
fact  that  there  may  sometimes  be  portions  of  three  cheek- 
teeth in  use  on  the  same  side  of  one  jaw  at  the  same  time  ; 
this  being  due  to  the  smaller  size  of  the  teeth. 

Here  it  is  important  to  notice  that  the  species  of 
mastodon  which  presents  the  nearest  approximation  to  the 
stegodons — namely  the  broad-toothed  mastodon — occurs 
in  the  same  coimtries  as  the  latter,  that  is  to  say  in 
Northern  India,  Burma,  &c.  In  this  species  there  were 
tusks  only  in  the  upper  jaw,  and  the  lower  jaw  terminated 
in  front  in  a  short  spout.     As  regards  both  these  features, 


t  IQ.  2. — Imperfect  Skull  of  a  four-ridged  Mastodon,  showing  only 
two  molar  teeth  (the  penultimate  and  last)  in  use  on  each  side  of 
both  jaws.     (From  a  s]5ecimen  in  the  British  Museum.) 

the  North  American   mastodon,  which  appears  to   have 
survived  into    the   human    period,    was  a    very   similar 
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animiil,  but  each  of  its  "  iutermediate  "  raolars  was  three- 
ridged. 

A  more  primitive  type  is  indicated  by  the  four-tusked 
mastodons,  in  some  of  which  the  "  intermediate  "  cheek- 
teeth are  three-ridged,  while  in  others  they  are  four- ridged. 
In  most  or  all  the  members  of  this  group  the  lower  pair  of 
tusks  are  short,  and  pi'oject  from  the  extremity  of  a  long 
trough-like  extension  of  the  lower  jaw.  Moreover,  in  a 
skeleton  of  Mastodon  angiistidens  now  mounted  in  the 
Paris  Museum,  the  upper  tusks  are  bent  downwards  so  as 
to  cross  and  project  far  below  those  of  the  lower  jaw.  As 
regards  its  head,  this  mastodon,  which  is  one  of  the  oldest 
of  its  kind,  occurring  in  the  Miocene  strata  of  the  Continent, 
must  have  been  very  different  looking  to  an  elephant.  To 
correspond  with  the  trough-like  elongation  of  the  lower 
jaw,  the  upper  part  of  the  muzzle  was  probably  prolonged 
in  proportion  ;  and  consequently  the  pi-oboscis  was  rela- 
tively short. 

Contemporaneously  with  the  species  last  mentioned 
lived  another  elephant-like  creature  — the  dinotherium — 
characterised  by  the  presence  of  a  pair  of  downwardly- 
bent  tusks  in  the  lower  jaw,  and  the  more  ordinary 
structure  of  its  cheek-teeth,  of  which  all  five  pairs  were  in 
vise  at  the  same  time.  These  teeth  recall,  indeed,  to  a 
considerable  extent  those  of  a  tapir,  the  two  hinder  pairs 
in  each  jaw  being  sunnouuted  with  a  couple  of 
transverse  ridges.  The  tooth  in  advance  of  these 
has,  however,  three  ridges,  like  the  "  inter-_ 
mediate "  molars  of  some  mastodons,  and  the 
same  is  the  case  with  the  last  milk-molar,  which 
in  a  young  animal  is  situated  immediately  in 
advance  of  the  permanent  three-ridged  tooth. 
In  the  adult  the  three-ridged  milk,  or  baby-tooth, 
is,  however,  vertically  replaced  by  a  successional 
tooth  of  simpler  structure,  as  in  ordinary 
mamuials.  In  build,  the  dinotherium  was  pro- 
bably very  like  a  short-truuked  elephant  ;  it 
may,  perhaps,  have  obtained  its  food  by  wading 
mid-leg  deep  in  lakes  and  marshes,  and  thus 
bringing  its  mouth  within  reach  of  the  water- 
plants. 

Although  the  dinotherium  tends  to  connect 
mastodons  and  elephants  with  ordinary  hoofed 
mammals,  so  far  as  its  cheek-teeth  are  concerned, 
yet  the  peculiar  form  of  its  lower  tusks,  and  the 
absence  of  weapons  of  this  nature  in  the  upper 
jaw,  show  that  it  is  not  the  ancestral  type  of  the 
former.  On  the  contrary,  elephants  and  mastodons 
on  the  one  hand,  and  the  dinotherium  on  the 
other,  form  branches  of  a  common  ancestral  stock 
which  till  lately  was  quite  unknown.  Indeed, 
the  seemingly  sudden  appearance  of  the  pro- 
boscideans, in  the  form  of  both  these  branches,  in 
the  Miocene  strata  of  Europe,  had  long  lieen  one  of  the 
])uzzles  of  palfeontology,  and  remained  so  till  light  was 
thrown  on  the  subject  from  an  unexpected  quarter. 

The  region  whence  this  light  has  come  is  the  Fayum 
district  of  Egypt,  from  the  Lower  Tertiary,  or  Eocene, 
deposits  of  which  remains  of  \uikuown  forms  of  vertebrates 
have  lieen  recently  exhnmed.  Among  these,  are  jaws  and 
tc'th  of  a  small  and  primitive  mastodon,  related  in  many 
respects  to  Mastodon  aiHjustidens,  of  which  it  may  have 
been  the  ancestral  form.  In  this  connection  it  may  be 
mentioned  that  remains  of  the  latter  sjx'cies  have  been  met 
with  at  Moghara,  to  the  north-west  of  the  Fayum. 

The  lower  jaw  of  this  early  mastoilon  rescnililos  that  of 
M.  aiKjuxtidfiis  in  the  elongation  of  the  trough-like  anterior 
portion,  and  also  in  the  cheek-teeth,  which  are  thiee-ridged. 
There  is,  however,  the  important  difference  that  the  last 
molar  rcseiiibles  those  in   front  of  it  in  the  luimbcr  of  its 


ridges,  in  place  of  having  four  ridges,  and  also  that  the 
whole  five  cheek-teeth  are  in  use  at  once.  Nor  is  this  all, 
for  the  anterior  two  of  these  teeth  are  premolars,  instead 
of  milk-molars  ;  that  is  to  say,  they  have  vertically  replaced 
deciduous  predecessors.  Clearly,  then,  this  Egyptian 
Eocene  mastodon — palseomastodon,  as  it  is  called — is  a 
proboscidean  but  little  removed  as  regards  the  characters 
of  its  cheek-teeth  from  ordinary  hoofed  mammals,  although 
in  the  production  of  the  lower  jaw,  and  the  reduction  of 
the  front  teeth  to  a  single  pair  of  tusks  in  each  jaw,  it 
resembles  typical  mastodons.  Apparently,  the  limb-bones 
conform  to  the  ordinary  proboscidean  type,  from  which  it 
may  be  inferred  that  the  legs  were  constructed  in  much 
the  same  manuer  as  in  an  elephant.  The  fact  that  such  a 
comparatively  small  animal  has  a  conformation  of  limb 
similar  to  that  supposed  to  have  l^een  developed  for  the 
purpose  of  carrying  the  enormous  weight  of  an  elephant, 
throws  doubt  on  the  theoiw  of  the  secondary  origin  of  this 
type  of  limb-structure  to  which  allusion  has  been  already 
made. 

An  earlier  formation  in  the  Fayum  district  has  yielded 
remains  of  an  allied  animal — the  moeritherium — so  named 
from  the  ancient  Lake  Moeris,  near  the  bed  of  which  it 
was  discovered.  This  creature,  which  was  about  the  size 
of  a  tapir,  departs  widely  from  a  mastodon,  and  still  more 


Fio.  3.— The  Imperfect  Skull   (A  and  B)  and  Lower  Jaw  (C)  o£  the  fore 

runner  of   tlie  Elephants  (the  Mteritherium).     i'— »\  incisoi-s      -     — 

pm-—pm*,   premolars;    m' — m'\   molars.       (l?.v   permission   of 
Andrews  the  describer  ! 


canine ; 

, ,   ,.       ,.... Dr.  C.   W. 

I  joint-discoverer  of  the  ancestral  proboscideans.) 


from  an  elephant.  Nevertheless,  there  are  many  features 
in  its  structure  pointing  to  the  conclusion  that  it  is  an 
ancestral  member  of  tlip  i>roboscidean  stock.  Each  jaw  is 
furnished  with  six  pairs  of  cheek-teeth,  all  of  which  ai-e  in 
use  at  the  same  time  ;  the  series  consisting  of  three  pairs 
of  premolars  and  as  many  molars.  The  latter  arc  not 
unlike  the  corresponding  teeth  of  many  early-hoofed 
mammals— some  of  the  extinct  pigs,  for  instance-and, 
^vith  the  exception  of  the  last  in  the  lower  jaw  (, which  is 
three-ridged),  carrv  two  transverse  ridges.  They  display, 
however,  a  tendency  to  the  derelopmeut  of  thive  ridges, 
thus  foreshadowing"  the  mastodon  type. 

Very  remarkable  are  the  front  teeth.  In  the  upper  jaw 
these  "comprise  four  pairs,  of  which  the  second  is  much 
larger  than  either  of  the  others.  Tlie  first  three  pairs 
coiTespond  to  the  incisors  of  a  pig ;  while  the  fourth  pair 
represent  the  canines.     Obviously  the  thive  small  pairs  of 
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teetli  are  iu  course  of  elimination,  while  the  large  pair 
represent  the  tusks  of  the  mastocluns,  ■which  are  thus  shown 
to  correspond  to  the  second  of  the  three  typical  pairs  oE 
incisors.  In  the  lower  jaw  the  canines  and  the  third  pair 
of  incisors  have  disappeared  ;  while  of  the  two  remaining 
pairs,  the  first  are  small  and  functionless,  but  the  second 
are  large  and  project  forwards  in  a  manner  recalling  the 
lower  tusks  of  the  mastodons,  of  which  they  are  the 
forerunners. 

Although  it  would  be  out  of  place  to  discuss  its  probos- 
cidean features  here,  it  mav  be  mentioned  that  this  skull 
lacks  the  great  elevation  characteristic  of  the  elephants, 
but  has  the  brain-cavity  relatively  large.  In  the  former 
respect  there  is  an  almost  complete  gradation  from  the 
elephants  through  the  mastodons  to  the  mceritherium. 
Obviously  the  latter  animal  must  have  been  very  short- 
lived in  comparison  with  an  elephant ;  and  it  is  also 
evident  that  it  was  either  trunkless  or  furnished  with  a 
rudiment  of  proboscis. 

The  limb-bones  are  not  yet  fully  described,  but  it  is 
suggested  that  they  resemliled  those  of  the  extinct  American 
unitatherium  in  being  pdaced  vertical ly  one  above  another. 
If  this  be  so,  the  theory  that  elejahants  acquired  their 
straight  limbs  in  order  to  support  their  great  weight  will 
certainly  not  hold  good. 

The  discovery  of  these  new  forms  has  shown  that 
elephants  and  mastodons,  in  place  of  forming  a  group  of 
unknown  origin,  are  the  descendants  of  small,  short-lived 
and  trunkless  animals,  with  a  type  of  dentition  not  very 
far  removed  from  that  characteristic  of  hoofed  mammals 
in  general.  And  it  is  further  evident  that  elephants,  in 
place  of  being  primitive,  are  a  very  highly  specialised  type. 
Moreover,  the  absence  of  remains  of  forerunners  of  the 
mastodons  from  the  Tertiary  formations  of  Europe  and 
Asia,  affords  evidence  that  the  evolution  of  the  mastodons 
took  place  in  Africa. 


MURRAY  AND  CHRYSTAL  ON  "SEICHES." 

By  Dr.  J.  G.  McPherson,  f.b.s.e. 

The  other  evening  two  very  interesting  papers  were  read 
to  the  Royal  Society  of  Edinburgh  on  "  Seiches,"  or 
"standing  waves,"  by  Sir  John  Muri-ay  and  Prof.  Chrystal, 
the  former  on  the  observations  and  the  latter  on  the  theory. 

Besides  the  ordinary  forms  of  waves  in  fresh-water  lakes 
there  are  standing  waves  which  have  only  recently  been 
carefully  observed  and  studied.  It  is  curious  to  notice 
that  though  there  is  no  longitudinal  or  transverse  dis- 
placement, there  is  an  oscillatory  movement  of  the  whole 
body  of  water,  so  that  when  at  one  end  of  the  lake  the 
water  is  raised  by  a  wave  of  several  inches  there  is  a 
corresponding  depression  of  the  water  at  the  other  end. 

Forrel,  the  distinguished  authority  on  waves  and  their 
motion,  noticed  the  phenomena  in  the  Lake  of  (jleneva.  but 
he  could  not  accurately  account  for  these.  These  "  seiches," 
as  the  standing  or  undisplaced  waves  of  the  entire  mass 
of  water  are  now  called,  have  been  recently  observed  in 
Como  and  other  Continental  lakes;  and  Prof.  Henry  has 
observed  a  raising  of  Lake  Erie  in  America  to  the  extent  of 
eight' feet,  quite  independent  of  the  waves  caused  bv  strong 
winds.  Sir  John  Murray  and  his  assistants.  Dr.  Johnston 
and  Messrs.  Murray  and  Garrett,  during  last  summer,  when 
engaged  in  bathymetrical  observations  in  Scottish  fresh- 
water lochs,  noticed  some  curious  wave  phenomena,  but 
their  instruments  were  not  sufficiently  accurate  to  produce 
satisfactory  results.  However,  they  have  now  secured 
the  excellent  instrument  made  in  Geneva,  which  has  also 
been  ordered  from  different  stations  in  Japan  and  America, 
and  they  hope  this  summer  to  make  more  accurate  observa- 


tions,  so    as    to    afford  Prof.  Chrystal    sufficient   correct 
data  for  mathematical  investigation. 

Mr.  E.  Mailagan  Wedderbum  illustrated  the  different 
forms  of  standing  waves  by  an  ingenious  apparatus  ;  of 
course  the  depth  of  the  water  in  the  rectangular  trough 
was  far  deeper  iu  proportion  to  the  length  of  the  trough 
than  is  found  in  natm-al  lakes  ;  but  it  brought  out  to  the 
eye  the  principles  of  the  motions.  In  one  case  the  wave 
of  the  mass  had  only  one  node  in  the  centre,  where  the 
bottom  of  the  trough  was  level.  While  the  water  was  in 
motion  on  both  sides  of  the  node,  the  one  part  raised,  the 
other  part  depressed  at  the  same  moment,  the  water  at 
the  node  was  perfectly  still.  By  another  arrangement  of 
difference  of  level  iu  the  base,  Mr.  Wccldfrbin-n  managed 
to  produce  wave  motion  with  two  nodes  where  the  water 
at  two  points  on  the  surface  was  still,  and  the  waves 
were  plainly  seen  in  the  three  remaining  portions.  By 
continuing  the  arrangement  he  produced  several  nodes. 
Thus  seiches  are  uninodal,  binodal,  and  plurinodal, 
according  to  the  structure  of  the  base  of  the  lakes.     They 


(a)  represents  a  uninodal  wave,  the  dotted  part  being  tlie 
complement. 


(A)  represents   a   binodal  wave,  the   dotted  part  being  the 
complement. 

are  rhythmical,  and  similar  to  the  nodal  points  of  sound- 
waves. By  an  ingenious  adjustment  of  the  apparatus, 
Mr.  Wedderburn  was  able  to  produce  a  uninodal  wave 
and  a  plurinodal  wave  by  two  sets  of  motions  at  the  same 
instant,  and  a  most  curious  result  was  produced.  Again, 
by  making  certain  alterations  in  the  base,  the  nodes  were 
made  to  occur  nearer  one  end  of  the  trough  than  the  other. 

Attacking  the  general  solution  by  Bessel's  fonnula, 
Du  Boy's  period  (as  guessed  by  Newton),  Kelland's 
formula,  Laplace  and  Merian's  formulae.  Prof.  Chrystal 
has  come  to  some,  so  far,  satisfactory  theoretical  results  ; 
but  he  is  waiting  for  physical  observations  of  the  seiches 
in  the  lakes  liefore  he  goes  further,  as  it  would  be  a  mere 
waste  of  time  so  far  as  any  practical  and  useful  results 
could  be  obtained. 

Prof.  Chrystal  made  some  beautiful  pendulum  experi- 
ments to  illustrate  the  oscillatory  changes  caused  by  a  sort 
of  physical  sympathy.  From  this  he  concluded  that 
though  the  surface  of  Lake  Erie  is  often  troubled  by 
seiche  motion  to  a  height  of  eight  feet,  deep  down  the 
water  is  motionless.  The  matter  is  still  in  its  infancy, 
but  this  note  will  indicate  the  lines  on  which  these 
observers  and  calculators  are  proceeding. 


WIRELESS    TELEGRAPHY    AND    WEATHER 
FORECASTING. 

By  Arthue  H.  Bell. 

Wireless  telegraphy  is  doubtless  destined  to  play  an 
important  part  in  furthering  the  advancement  of  many 
projects  connected  with  the  life  of  the  nation  ;  but  it  may 
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be  doubted  whether  any  of  the  enterprises  to  which  it  may 
be  harnessed,  as  it  were,  will  prove  so  interesting  as  wlien 
it  comes  to  be  employed  in  the  business  of  forecasting  the 
weather.  At  present  the  weather  prophets  are  doing  the 
best  they  can  with  the  ordinary  method  of  sending  tele- 
graphic messages,  and  considering  the  many  obstacles  in 
the  way,  it  must  be  conceded  l)y  any  unbiased  critic  that 
they  do  very  well  indeed.  The  mere  fact,  however,  that 
there  are  so  many  miles  of  wire,  and  so  many  post  offices, 
between  the  officials  at  the  central  office,  where  the  fore- 
casts are  prepared,  and  their  observers  who  send  them  the 
daily  reports  of  the  weather,  is  a  serious  hindrance  to 
progress,  and  it  will  Ije  a  happy  day  for  the  weather 
prophets  when  these  intermediaries  are  abolished. 

The  general  methods  by  whicli  a  modern  forecast  of  the 
weather  is  produced  have,  to  many  people,  an  air  of 
mystery,  and  to  the  uninitiated  few  things  seem  so  mys- 
terious and  complicated  as  a  weather  chart.  Most 
countries  nowadays  have  established  offices  whei'e  such 
charts  are  daily  compiled,  and  in  all  of  them  the  method 
of  procedure  is  the  same.  The  object  aimed  at  is  to 
ol)tain  a  general  notion  of  the  state  of  the  weather  at  a 
given  hour  over  a  large  tract  of  country.  To  this  end  a 
large  number  of  oliservatories  or  stations  are  established 
in  many  different  localities,  it  being  the  duty  of  the 
observers  to  make  reports  of  the  weather  two  or  three 
times  a  day.  The  information  specially  asked  for  refers 
more  especially  to  the  height  of  the  barometer,  to  the 
direction  and  force  of  the  wind,  the  state  of  the  sky  as 
regards  cloudiness,  the  temperature  of  the  air,  and  the 
amount  of  rainfall.  During  a  great  number  of  years 
these  observations  have  been  taken  in  the  British  Isles 
three  times  a  day — at  8  a.m.,  2  p.m.,  and  6  p.m. 

Now,  in  order  that  this  information  may  l)e  of  the  greatest 
amount  of  service,  it  is  important  that  it  should  arrive 
at  the  head  office  promptly.  The  messages  accordingly 
are  forwarded  by  telegrajjli,  so  that  at  the  earliest  oppor- 
tunity they  may  be  plotted  on  to  a  chart  or  map.  With 
this  weather  chart  in  front  of  him  the  official  weather 
forecaster  is  accordingly  informed  as  to  the  places  where 
the  barometer  is  rising  and  where  it  is  falling.  On  this 
information  he  bases  his  forecasts,  and  issues,  if  need  be, 
his  warnings  as  to  approaching  storms  and  gales.  The 
reports,  moreover,  that  are  tel('graj)hed  at  other  times 
during  the  day  greatly  help  as  regards  giving  information 
concerning  the  dii-ection  in  which  any  storm  may  be 
travelling.  For  instance,  the  chart  may  show  that  a  storm 
lias  arrived  on  the  west  coast  of  Ireland,  and  the  important 
thing  to  know  is  whether  it  seems  more  likely  to  move 
north-eastwards  across  Scotland  or  south-eastwards  across 
England.  It  is  indeed  at  such  a  time  as  this  that  the 
most  difficult  problems  arise,  and  the  mistakes  made  by 
the  weather  prophets  are  generally  due  to  the  fact  that  the 
storms  suddenly  move  off  in  an  unexpected  direction. 
Speedy  and  prompt  infonnation  from  the  observing 
stations  is  therefore  of  the  highest  importance. 

Something  of  the  difficulties  of  the  case  are  understood 
when  the  mechanism,  so  to  speak,  of  one  of  these  revolving 
storms,  cyclones,  or  depressions,  as  they  are  variously 
called,  is  examined.  Such  aerial  eddies  may  be  likened 
to  the  dimples  seen  in  every  running  stream  of  wattn-, 
for  not  only  have  they  a  rotatory  movement,  but, 
lik(^  the  dimples,  they  also  travel  onwards.  Cyclones,  it 
should  be  remarked,  vary  v(Ty  greatly  in  size,  and 
their  diameter  may  be  anything  from  a  few  yards  up 
to  a  thousand  miles.  The  smallest  of  them  may  be 
seen  at  any  street  corner  on  a  windy  day, -and,  indeed,  a 
little  time  spent  in  watching  these  miniature  whirlwinds 
will  give  a  very  fair  idea  of  tlie  (uvuses  which  produce  the 
larger  atmospheric   cyclones.     Intermediate    between    tlie 


small  eddies  and  the  full-grown  storms  are  the  whirlwinds 
and  dust  storms  which  career  across  many  of  the  deserts 
and  arid  plains  ;  while  in  this  same  category  are  also  to  te 
included  the  waterspouts  that  spring  up  over  the  sea  and 
some  of  the  larger  lakes.  All  these  phenomena  are  nearly 
related,  and  in  each  there  is  a  rotatory  as  well  as  an 
onward  movement.  A  very  fair  representation  of  a 
revolving  cyclone  may  be  drained  by  turning  a  stick 
very  quickly  in  water,  and  it  will  !«  noticed  that  the 
faster  the  water  is  made  to  revolve  the  deeper  does  the 
dent  or  hollow  in  the  wat«r  become.  There  is  a  similar 
relationship  between  the  depth  of  a  cyclone  and  tlie 
velocity  of  the  winds  blowing  around  it.  At  the  centre  of 
every  storm  the  atmospheric  pressure  is  greatly  deficient, 
and' the  barometer  falls  to  a  low  level.  This  pressure 
increases  outwards  from  the  centre  of  the  system,  the 
barometer  rising  higher  and  higher  towards  the  outer  edge 
of  the  storm.  Now,  when  the  slope  from  the  outside  edge 
to  the  centre  is  very  abrupt,  like  the  descent  to  certain 
valleys,  the  barometric  gradients  are  said  to  lie  very  steep, 
and  it  is  at  such  times  as  these  that  the  wind  attains  its 
greatest  force.  All  these,  then,  are  matters  that  are 
clearly  set  forth  on  a  weather  chart,  and  with  this 
information  before  him  the  weather  forecaster  can  readily 
see  whether  the  storm  is  a  severe  one,  or,  in  other  words, 
he  is  able  to  see  whether  the  atmospheric  vortex  is  very 
deep. 

It  is,  however,  when  the  attempt  is  made  to  forecast  the 
future  movements  that  the  difficulties  begin,  and  it  is  at 
this  point  that  wireless  telegraphy  woidd  prove  of  the 
greatest  assistance  to  the  hapless  weather  prophets.  A 
few  years  ago  many  of  the  newspapers  published  stomi 
warnings  sent  from  America,  the  idea  being  that  storms 
observed  to  be  setting  forth  from  the  American  shores 
would  eventually  reach  the  British  Isles  or  some  other 
part  of  Western"  Europe.  Commonly,  the  warnings  stated 
that  between  such  and  sucTi  dates  a  storm  might  be 
expected  to  show  itself  on  the  French,  British,  or  Nor- 
wegian coasts,  the  margin  both  as  regards  time  and 
place  being  large.  But  many  of  the  storms  never  arrived, 
having  possibly  blown  themselves  out  during  their  journey 
across  the  Atlantic,  while  others,  instead  of  taking  a  day 
or  so  over  the  voyage  across,  would  loiter  aboiit  for  days 
so  that  the  storms  failed  to  put  in  an  appearance  or 
arrived  in  unexpected  ))laces  at  unex])ected  tunes.  The 
experiment  of  sending  the  storm -warnings  was,  however, 
an  interesting  one,  for  it  recognised  the  fact  that  these 
cyclones  make  long  journeys  without  losing  their  identity, 
and  from  this  point  of  view  these  warnings  therefore  had 
their  uses. 

Contrasted  with  the  weather  forecasters  in  America,  the 
British  officials  are  placed  at  a  great  disadvantage,  for 
instead  of  having  a  wide  continental  area  to  the  westward 
of  them,  they  are  ln)unded  by  the  Atlantic  Ocean.  All 
storms,  owing  to  the  deflecting  movements  of  the  earth  as 
it  rotates  on  its  axis,  travel  from  west  to  east,  so  that  it  is 
the  desire  of  all  weather  forecastei-s  to  obtain  early  and 
prompt  information  from  as  many  places  to  the  westward 
of  them  as  possibh-.  In  this  rcsfK^ct  it  will  l>e  seen  that  a 
forecaster,  say  at  \Vashingti)n,  is  well  situated,  for  to  the 
westward  of  him  he  has  many  observers  who  send  him  all 
the  latest  information,  so  that  it  is  much  easier  to  trace  the 
daily  progress  of  a  storm  as  it  blusters  across  the  country. 
But  the  British  forecasters  are  in  much  worse  case,  for 
they  often  do  not  know  of  the  existence  of  an  on-coming 
storm  until  it  has  actuallv  appeaivd  on  the  west  coast  of 
Ireland.  The  problem,  therefore,  that  has  always  pre- 
sented itself  has  been  as  to  the  best  means  to  be  adopted 
for  finding  out  what  was  happening  away  out  iu  the 
Atlantic. 
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At  present  the  earliest  information  that  can  be  obtained 
concerning  approacliing  storms  from  the  Atlantic  is 
received  from  the  observing  station  at  Valencia,  in  the 
south-west  of  Ireland.  Now,  on  more  than  one  occasion, 
it  has  been  suggested  that  something  might  be  done  in 
the  way  of  anchoiing  a  vessel  or  a  sort  of  floating 
meteorological  observatory  two  or  three  hundred  miles  off 
the  coast  of  Ireland.  The  opinion  has  been  expressed 
that  there  are  shoals  and  shallows  that  would  afford  a 
suitable  anchorage  ;  and,  indeed,  so  much  enamoured  with 
this  scheme  were  certain  enthusiastic  meteorologists,  that 
they  went  so  far  as  to  design  a  floating  observatory  wherein 
the  observers  and  the  necessary  instruments  could  be 
housed  and  floated  in  mid-ocean.  These  suggested  ob- 
servatories resembled  nothing  so  much  as  a  gasometer, 
this  being  the  shape  favoured  by  their  designers ;  and  the 
idea  was  that  the  observers  would  be  connected  to  the 
shore  by  a  telegraphic  wire  along  which  messages  could 
be  sent  concerning  the  state  of  the  weather.  But  in 
order  to  carry  out  this  scheme  a  very  large  amount  of 
money  would  be  required,  and  since,  moreover,  there 
was  apparently  no  great  rush  of  observers  eager  to  be 
shut  u]i  in  the  floating  observatories,  the  plan  has  never 
been  adopted,  and  it  is  to  be  numbered  among  the  things 
that  might  have  been.  It  has  indeed  been  suggested 
that  such  floating  gasometers  would  with  difiiculty  be 
kept  in  position,  the  chances  being  that  the  observers 
would  periodically  find  themselves  bumping  about  on  the 
coast  of  Ireland  signalling  for  the  steam  tug  to  come  and 
put  them  in  position  again. 

Another  idea  that  was  actually  tried  was  to  obtain 
reports  from  the  steamers  arriving  at  some  of  the 
American  jiorts  as  to  the  kind  of  weather  they  had  ex- 
perienced during  their  journey  across  the  Atlantic.  It 
was  considered  that,  by  thus  gaining  early  information 
as  to  any  cyclones  that  might  be  disporting  themselves 
over  the  Atlantic,  there  would  be  time  to  telegraph  to  the 
weather  forecasters  in  England  and  warn  them  that  such 
storms  had  been  encountered.  Difiiculty,  however,  was 
experienced  in  collecting  this  information,  for,  commonly, 
when  a  ship  arrives  in  port,  the  first  business  of  a  captain 
is  to  see  to  the  landing  of  his  passengers  and  the  discharge 
of  his  cargo,  there  being,  as  a  rule,  little  time  to  spare  for 
writing  out  and  dispatching  weather  reports.  Excellent, 
therefore,  as  this  scheme  for  gathering  infonnation  appeared 
to  be,  there  were  difiiculties  in  the  way  of  its  full  develop- 
ment, and  it  cannot  lie  said  that  it  proved  of  any  great 
advantage. 

But  it  is  from  these  swiftly-moving  steamers  that, 
perhaps,  after  all,  the  weather  jjrophets  may,  in  the  near 
future,  derive  the  much-desired  information  concerning 
the  weather  over  the  Atlantic.  By  means  of  wireless 
telegraphy,  ships  are  now  sending  messages  to  lighthouses, 
and  are  in  touch  with  reporting  stations  scores  of  miles 
away.  Moreover,  it  seems  clear  that  ere  long  messages 
will  be  sent  over  hundreds  of  miles  of  space,  and 
when  this  becomes  an  every-day  occurrence,  the  weather 
forecasters  will  get  their  chance.  Steamers,  for  instance, 
leaving  Queeustown  and  Liverpool,  may  be  kept  in  touch 
throughout  the  greater  part,  and  it  may  even  be  during  their 
entire  journey  across  the  Atlantic.  In  the  messages  that 
would  pass  from  the  ship  to  the  British  shores  there  might 
easily  be  included  information  concerning  any  storms 
that  were  encoimtered  on  the  way.  These  particulars 
would  refer  especially  to  the  intensity  of  the  storm,  and 
the  date  and  place  where  it  was  met  with.  Doubtless, 
before  very  long,  all  the  great  steamers  will  be  fitted  with 
the  wireless  telegraphy  apparatus,  and  it  will  be  seen  that 
when  the  system  is  in  full  working  order  the  problem  as 


regards  receiving  intimation  of  the  apjiroach  of  storms 
from  the  westward  will  be  solved. 

Moreover,  the  further  development  of  wireless  telegraphy 
may  not  only  l)o  expected  to  prove  of  use  as  regards 
collecting  weather  information  from  the  Atlantic,  but  on 
shore  also  it  will  prove  of  incalculable  advantage  to  the 
weather  prophets.  As  already  mentioned,  there  is  often 
delay  in  sending  the  daily  observations  of  the  weather 
along  the  ordinary  telegraph  wires,  the  arrangements  at 
many  of  the  local  post  ofiices  often  hampering  the 
prompt  despatch  of  important  reports.  Telegrafdi  offices, 
in  many  places,  are  open  only  at  certain  definite  hours, 
and  no  matter  how  important  may  be  the  message  an 
observer  may  have  to  forward  to  the  bead  office,  it  can 
only  pass  along  the  wires  at  certain  hours,  a  circumstance 
that  often  greatly  handicaps  the  officials  responsible  for 
preparing  the  weather  forecasts. 

But  not  only  does  this  apply  to  the  receipt  of  the 
messages,  but  it  applies  also  to  the  issue  of  the  storm 
warnings.  When  the  officials  at  the  central  weather  office 
have  come  to  the  conclusion  that  a  storm  is  about  to  burst 
over  the  country,  it  is,  of  course,  part  of  their  work  to  send 
out  storm  warnings  to  the  seaports,  where,  as  soon  as  the 
warning  is  received,  the  storm  signals  are  hoisted.  Now 
these  warnings  have  also  to  be  sent  by  telegraph,  and  it 
will  be  understood  that  at  many  of  the  country  and  out- 
lying post  offices  -the  messages  can  only  be  received  and 
delivered  np  to  a  certain  hour.  Supposing,  therefore,  the 
weather  forecasters  were  to  sit  Tip  all  night  observing  the 
weather,  there  would,  with  present  arrangements,  be  no 
advantage  in  doing  so,  because  so  long  as  the  warnings 
have  to  be  sent  along  a  wire  it  is  impossible  now  to  get 
any  messages  through  to  those  whom  they  may  concern. 
But  here,  again,  it  will  be  seen  that  if  the  wires  and  the 
post  offices  were  done  away,  and  communication  lietween 
the  observers  and  the  central  office  and  between  the  central 
office  and  the  various  seaports  were  established  by  means 
of  wireless  telegraphy,  an  added  usefulness  would  be  given 
to  the  stoiin  warnings  and  the  weather  forecasts. 

At  times,  too,  it  happens  that  during  stormy  weather 
the  present  telegraphic  system  breaks  down  entirely,  it 
being  no  uncommon  thing  during  a  severe  snow-storm  for 
telegraphic  communication  between  different  parts  of  the 
country  to  be  interrupted  during  many  days  together. 
In  such  circumstances  as  these,  not  only  is  it  impossible 
for  the  observers  to  forward  their  weather  i-eports  to  the 
head  office,  but  it  is  equally  impossible  for  any  storm 
warnings  and  weather  forecasts  to  be  dispatched  along  the 
telegraph  wires.  These  are  doubtless  irritating  circum- 
stances that  the  weather  forecaster  of  the  future  will  know 
nothing  about,  for  with  wireless  telegraphy  at  his  service 
his  messages  will  come  and  go,  no  matter  if  storms  may  be 
raging  and  the  whole  country  buried  deep  in  snow. 

There  is,  therefore,  from  the  weather  prophet's  point  of 
view,  much  to  hope  for  from  wireless  telegraphy,  and  on 
the  day  that  the  first  storm  warning  is  issued  by  this 
means,  an  important  epoch  in  the  history  of  the  weather 
will  begin.  At  present  many  storms  arrive  unheralded, 
but  with  this  new  agent  at  his  service,  the  weather  fore- 
caster will  keep  in  touch  with  them  throughout  their  whole 
course,  and  they  will  be  kept  under  observation  from  New 
York,  it  may  be,  and  right  across  the  Atlantic  Ocean  to 
the  coast  of  Norway.  Recognising,  therefore,  the  manj' 
advantages  they  will  gain  from  its  future  developments, 
it  will  readily  be  imagined  that  those  whose  business  it  is 
to  forecast  the  weather  await  with  interest  the  improve- 
ments that  will  assuredly  continue  to  be  made  in  wireless 
telegraphy. 
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THE  DARK  HEMISPHERE  OF   VENUS. 

By   B.  W.  Lane. 

Although  the  object  of  this  paper  is  to  add  one  more 
theory  to  the  mauy  which  have  been  formed  to  account 
for  the  visibility  of  this  part  of  the  planet  Venus,  I 
think  I  may  be  excused  if  I  first  run  over  some 
of  the  principal  theories  which  have  been  previously  put 
forward. 

The  phenomenon  itself  may  be  described  as  follows: — 
Now  and  then  the  part  of  the  planet  not  lit  by  sunlight 
has  been  observed  to  shine  with  a  faint  light,  exactly 
similar  to  that  emitted  by  the  night  side  of  the  crescent 
moon.  This  illumination,  however,  unlike  that  on  our 
satellite,  which  is  constant,  is  intermittent,  sometimes  not 
a])pearing  for  months  together,  or  even  longer,  even 
in  the  best  telescopes,  and  at  other  times  being 
apparent  at  the  first  glance,  and  on  rare  occasions  being 
bright  enough  to  have  been  once  or  twice  visible  in  the 
daytime. 

There  is  no  satellite  to  illumine  Venus  in  this  manner ; 
the  earth  is  thousands  of  times  too  faint  at  that  distance 
to  produce  it ;  the  fact  that  the  faintly-lit  side  always 
appears  smaller  in  radius  than  the  bright  portion,  pre- 
cludes the  possibility  of  its  being  an  optical  delusion  due 
to  the  prolongation  in  the  eye  itself  of  the  horns  of  the 
crescent.  It  is  therefore,  apparently,  as  Webb  calls  it,  an 
"  inexplicable  phenomenon." 

All  theories  having  for  their  basis  the  suppositional 
existence  of  intelligent  inhabitants  on  Venus  may,  I  think, 
be  left  over  until  everv  other  method  has  been  found  to 
fail. 

The  two  theories  which  are  at  present  most  generally 
considered  to  be  most  likely,  explain  the  appearance :  the 
first  by  supposing  aurorse  of  great  brilliancy  on  the 
planet,  and  the  second  by  supposing  the  atmosphere 
of  Venus  to  be  capable  of  refracting  the  sunlight 
sufficiently  to  suffuse  all  the  dark  side  of  the  planet  with  a 
perpetual  twilight. 

]  u  answer  to  the  first  of  these  theories  it  may  be  said 
that  in  the  first  place  we  can  scarcely  fairly  suppose  auroras 
of  sutiicieut  brightness  on  Venus,  as  Mr.  Proctor  points 
out,  and  secondly,  auroras  are  usually  found  to  occur  on 
such  occasions  as  when  a  sunspot  crosses  the  solar 
meridian,  and,  therefore,  if  this  were  the  explanation, 
illuminations  should  take  place  when  the  sun  is  spotted, 
rather  than  at  other  times,  yet  no  such  coincidence  has 
l)een  observed. 

Against  the  second,  the  objection  may  be  urged  that  if 
the  dark  side  is  lit  up  by  refracted  sunlight  at  one  time 
it  should  also  be  so  lit  up  at  another,  and  even  supposing 
such  enormous  changes  of  atmospheric  conditions  as  are 
necessary  to  account  for  the  occasional  nature  of  the 
phenomenon,  the  terminator  is  just  as  sharp  and 
exactly  defined  on  days  when  the  dark  side  is  visible 
as  when  the  dark  side  is  invisible,  whereas  if  the 
above  were  the  true  explanation,  at  these  times  the  light 
and  dark  sides  should  fade  almost  imperceptibly  into  each 
other. 

The  theory  which  I  here  intend  to  put  forward  attributes 
the  apjiearance  to  a  factor  in  the  lighting  of  the  sky  which 
has  hitherto  escaped  recognition.  I  refer  to  meteor 
swarms. 

Now  it  seems  to  me  that  the  brilliant  illuminations  of 
the  sky  caused  by  the  Leonids  in  the  old  days  before  they 
lost  t-lieir  way,  should  have  been  almost  if  not  (juite 
sutticient  to  make  the  night  side  of  earth  very  faintly 
visible  from,  say,  Mars.  Personally  I  never  had  the  good 
fortune  to  see  the  Leonids  in  18(36,  and  still  less  so  in 
1833,  but  when  I  hear  oa  the  authority  of  Humboldt  and 


others  that  the  swarm  was  sometimes  so  thick  that  at 
times  there  were  as  many  meteors  visible  at  once  as 
ordinary  stars,  and  when  I  compare  this  with  the  meteor 
which  I  can  see  any  night  after  ten  minutes'  watching,  it 
seems  to  me  that  the  light  given  out,  even  after  every 
discount  has  been  taken  off  for  very  natural  exaggeration, 
must  have  been  very  considerable.  When  I  further  read 
that  at  some  places  in  1833  people  were  wakened  up, 
although  the  blinds  were  down,  by  the  flickering  light 
thrown  by  these  meteors,  I  begin  to  think  that  this  light 
must  have  been  not  only  far  stronger  than  moonlight,  but 
quite  enough  to  make  the  dark  side  of  our  planet  visible 
to  other  members  of  our  system.  Persons  who  have  seen 
the  Leonids  thirty-five  years  ago  will,  of  course,  be  able 
to  correct  any  mistaken  impression  I  may  have  received, 
out  of  their  own  experience. 

I  think,  however,  it  will  be  admitted  that  as  there  are 
probably,  nav,  certainly,  larger  meteor  swarms  than  the 
Leonids  wandering  through  space,  swarms  exceeding  the 
Leonids  in  density  probably  as  much  as  the  Leonids 
exceed  the  ordinary  swarms,  it  is  practically  certain  that 
these  swarms  if  they  collided  with  a  planet  having  an 
atmosphere  such  as  Venus  undoubtedly  has,  would  be  able 
to  light  it  up  quite  sufficiently  to  render  it  easily,  if  not 
strikingly,  visible. 

The  question,  then,  is,  are  we  justified  in  supposing  that 
Venus  is  lit  in  the  same  way  and  by  the  same  means  as 
the  earthly  night  skies  have  from  time  to  time  been 
illuminated  ? 

The  average  brightness  of  meteors  entering  the  atmos- 
phere of  Venus  will,  by  reason  of  their  greater  average 
velocity,  be  about  a-third  greater  than  that  of  meteors 
entering  the  earth's  atmosphere.  Therefore  a  swarm  like 
the  Leonids  acting  on  Venus — other  conditions  such  as 
inclination  of  orbit,  etc.,  being  equal — would  produce  about 
four-thirds  the  illumination  which  it  produces  here.  I 
think,  therefore,  there  need  be  little  doubt  that  there  are 
meteor  streams  known  to  us  capable  of  producing  this 
illumination,  or  something  like  it. 

The  matter,  however,  does  not  rest  here.  The  question 
now  is,  how  often  do  we  meet  such  streams,  and,  above 
all,  how  often  do  we  meet  streams  which  could  produce 
sufficient  illumination  to  render  the  dark  hemisphere 
visible  in  the  daytime  ?  Now  if  we  write  down  six  as  the 
number  of  showers  which  appear  in  a  century  on  this  earth, 
and  which  are  at  all  competent  to  render  a  planet  visible  at 
any  time,  we  shall  be  considerably  over  the  mark.  We 
cannot,  I  think,  expect  that  the  number  of  swarms  will,  in 
the  ordinary  way,  be  more  than  twice  as  great  per  given 
unit  of  space,  in  the  neighbourhood  of  Venus  as  near  the 
earth.  Putting  the  figure,  however,  far  higher  in  our 
favour  than  we  are  really  justified  in  doing,  we  find  that 
perhaps  twenty  times  in  a  century  Venus  may  be  sufficiently 
lit  up  by  meteors  to  become  visible.  On  quite  two-thirds 
of  these  occasions  Venus  will  be  either  so  near  the  sun,  or 
in  so  broad  a  gibbous  phase,  as  to  make  the  seeing  of  the 
dark  side  an  impossibility.  We  are  thus  reduceil  to  the 
possibility  that  perhaps  six  times  in  a  century  the  dark 
side  mav  be  observable.  But  we  are  expecting  a  great 
deal  more  than  we  have  a  right  to  do  if  we  suppose  that 
out  of  these  six  times  it  will  be  observed  more  than 
three,  whereas  the  actual  number  of  times  that  the  dark 
side  has  been  seen  is  more  like  thirty,  if  not  far  greater. 

We  thus  see  that  it  is  utterly  impossible  for  meteor 
streams  of  the  same  order  as  those  with  which  we  are 
acquainted  to  produce  an  illumination  anywhere  near  so 
frequently  as  is  actually  observed. 

There  is.  however,  an  appearance  sometimes  seen  in  the 
evening  sky,  and  going  under  the  name  of  the  Zodiacal 
Li"ht.      Now  whether  this  appearance  is  due  to  a  vast 
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flat  disc  of  gas  or  to  one  of  meteors,  no  one  can  deny  that  in 
its  course  round  the  sun,  Venus  passes  through  a  very  dense 
portion  of  its  substailce.  If  now  we  suppose  this  appear- 
ance to  be  composed  of  meteoric  swarms,  pursuing  their 
way  among  each  other  in  all  directions,  their  orbits  having 
a  general  coincidence  with  the  plane  of  the  ecliptic,  a  view 
which  is  gaining  ground  every  day,  we  at  once  see  how  it 
is  readily  possible  for  meteor  showers  like  our  November 
displays  to  be  comparatively  common  on  Yenus.  On 
looking  at  the  density  of  the  Zodiacal  Light  at  an  angular 
distance  of  40''  from  the  sun,  it  seems  to  me  as  if  it  would 
be  a  wonder,  the  ajipearance  being  meteoric,  if  Venus 
were  not  illuminated  at  times  in  traversing  these  swarms. 
My  own  opinion  is  that  if  the  night  side  of  Venus  never 
was  illuminated,  it  would  almost  be  prejudicial  to  the 
hypothesis  of  the  meteoric  nature  of  the  Zodiacal  Light, 
and  in  the  same  way  the  fact  that  this  illumination  can 
be  explained  on  this  hypothesis  and  on  no  other,  appears  to 
me  a  strong  supplementary  indication  that  this  hypothesis 
is  the  correct  one. 

The  above  theory  explains  of  course  the  intermittent 
nature  of  the  light,  and  although  meteoric  swarms  can 
only  act  on  one  side  of  a  planet,  yet  in  the  nature  of  things, 
as  a  little  consideration  will  show,  it  will  only  be  when  a 
swarm  strikes  a  favourable  half  of  the  planet  that  the 
light  will  be  seen.  Also  the  movements  of  the  planet  are 
such  as  to  cause  the  side  thus  illuminated  to  be  the  one  most 
readily  noticed  by  the  observer  when  the  jilauet  is  in  the 
most  favourable  position  for  observation. 

One  question  there  is  which  cannot  yet  be  decided,  viz., 
Do  these  illuminations  ever  take  place  at  the  same  point  on 
the  jjlanet's  orbit  as  previous  illuminations?  If  it  can  be 
proved  that  they  do,  I  think  the  matter  might  almost  be 
regarded  as  permanently  settled. 


THE  CHEMISTRY  OF   THE   STARS. 

IV.-STARS  OF  THE  FIRST  TYPE. 

By  A.  Fowler,  f.r.a.s. 

Although  Secchi  seems  to  have  clearly  recognised  that 
the  white  stars  of  the  "Orion"  type  were  spectroscopically 
different  from  those  resembling  Sirius,  he  was  satisfied 
to  group  together  all  the  white  stars  under  the  general 
name  of  Tyjie  I.  It  has  already  been  pointed  out,  how- 
ever, that  Secchi's  classification  is  greatly  improved  by 
restricting  the  definition  of  Type  T.  so  as  to  include  only 
those  stars  in  which  the  fine  lines  accompanying  the 
stronger  ones  of  hydrogen  are  chiefly  of  metallic  origin, 
and  giving  the  name  of  Type  O  to  those  stars  in  which  the 
chief  lines,  apart  from  those  of  hydrogen,  are  principally 
due  to  helium  and  other  gases. 

Taking  the  first  type  stars  in  this  restricted  sense, 
Sirius  may  be  regarded  as  the  most  typical  example. 
Here  the  dark  lines  of  hydrogen  are  overwhelming,  Imt 
the  additional  lines  seen  in  the  best  of  modern  photographs 
are  very  numerous  and  sharply  defined,  and  by  no  means 
to  be  despised  on  account  of  feeble  intensity.  Their 
chemical  significance  has  lately  been  very  fully  investigated 
by  Sir  Norman  Lockyer,  and  "the  following  short  extract 
from  his  recent  publication,  to  which  reference  has  been 
previously  made,  will  indicate  the  present  stale  of  our 
knowledge  in  this  direction.  It  is  necessary  to  explain 
that  in  this  table  the  prefix  "  p  "  indicates  that  the  line 
is  an  "enhanced"  one,  or  one  that  is  stronger  in  the  spark 
than  in  the  arc  spectrum  under  ordinary  conditions  of 
experiment,  "p"  being  an  abbreviation  for  "proto"  ;  the 
idea  underlying  the  use  of  this  temi  is  that  the  enhanced 


lines  appear  under  some  condition  of  molecular  simplifica- 
tion. 


Liues  in 

Spectrum 

Cbemic 

1  Oi-igin. 

nus. 

Probable. 

Possible. 

Inten8itv. 

Wave 

< 

> 

Length. 

Max.  =  10. 

Origin. 

X. 

Origin. 

\ 

4000  0 

1 

_ 

p.  Mn 

4000-20 

4002-7 

2 

p.  Fe 

4002-77 

4005-5 

3-4 

Fe 

4105-41 

4012-0 

2-3 

p.Ti 

4012-54 

p.  Cr 

4012-63 

40157 

1—2 

p.  Ni 

4015-76 

4024-6 

1—2 

4<J28-5 

1 

p.  Ti 

4028-00 

4030-9 

1 

Mu 

K)3()H8 

4033-2 

1-2 

Mu 

403322 

Ga 

4033-13 

4034-6 

<    1 

Mn 

403i-61 

4035-8 

2 

- 

- 

f      Mn 
Ip.V 

4035  80 
4035  80 

4016-0 

3-4 

Fe 

4045-98 

404S-9 

2 

p.  Fe 

4049-00 

4052-3 

1—2 

p.  Cr 

4052-10 

4053-9 

1—2 

Jp.V 

405380 
4053-98 

4057-6 

1 

p.  Fe 

4057-60 

4063-8 

3 

Fe 

406376 

4067-2 

3 

p.  Ni 

4067-30 

4071-9 

2—3 

Fe 

4071-91 

4075-6 

1 

4077-9 

3—4 

p.  Sr 

4077-88 

4101-8 

10 

HJ 

4101-85 

From  the  complete  table  it  appears  that  the  following 
elements  are  responsible  for  the  Sirian  lines  which  have 
so  far  been  identified  : — 


Aluminium. 

Iron. 

Silicium. 

Barium. 

Magnesium. 

Strontium. 

Calcium. 

Manganese. 

Titanium. 

Chromium. 

Nickel. 

Tanadium 

Copper  (:■■). 

Scandium. 

Yttrium  (r 

Hydrogen. 

The  significant  outcome  of  the  investigation  is  that  the 
chemical  origins  of  the  majority  of  the  Sirian  lines  have 
already  been  traced  to  terrestrial  substances,  and  it  is 
certainly  too  early  to  invoke  non-terrestrial  matter  in 
order  to  explain  the  remainder.  There  is,  in  fact,  no  certain 
evidence  of  the  jn-esence  of  any  substance  in  the  Sirian 
stars  that  has  not  already  been  found  in  the  sun  and  upon 
the  earth. 

This  uotaljle  success  in  the  interpretation  of  the  Sirian 
lines,  as  will  be  seen  from  the  wave-length  table  above 
given,  is  largely  due  to  the  comparatively  recent  investiga- 
tions of  enhanced  lines  ;  but  while  the  chemical  signifi- 
cance of  such  liues  is  beyond  dispute,  their  physical 
meaning  is  not  yet  generally  agreed  upon.  Sir  Norman 
Lockyer,  Dr.  Scheiner,  and  others  argue  that  they  ai-e  the 
products  of  high  temperature ;  Sir  William  Huggins 
seems  inclined  to  account  for  them  chiefly  as  an  effect  of 
reduced  density,  and  others  incline  to  attribute  them,  in 
laboratory  experiments  at  least,  to  a  particular  electrical 
condition.  Special  attention  has  lately  been  given  to  the 
experimental  study  of  the  enhanced  line  of  mague.^ium  at 
X  4481  {sei  Knowledge,  February,  1903,  p.  32,  Fig.  4), 
which  is  very  prominent  in  the  Sirian  stars.  It  has  been 
shown  that  this  line  may  be  made  to  appear  in  the  arc 
spectrum  if  the  poles  be  surrounded  by  hydrogen  or 
certain  other  gases,  or  when  the  arc  is  passed  under 
water ;  while,  on  the  other  hand,  it  almost  disappears 
from  the  spark  spectrum  when  sufficient  self-induction  is 
introduced  into  the  secondary  circuit.  Similar  complex 
behaviour   has  also  been  recorded  in  the  case  of  other 
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enhanced  lines,  but  the  view  that  they  are  generally 
associated  with  high  temperature  at  least  seems  to  liave 
as  much  in  its  favour  as  any  other  which  has  been  put 
forward. 

It  lias  long  been  recognised  that  the  Siriau  type  of 
spectrum  is  closely  related  to  the  solar  type,  this  connec- 
tion Ijeing  very  clearly  shown  when  intermediate  types  are 
studied.  Such  a  connecting  link  is  afforded  by  stars  like 
Procyon,  in  which  the  giant  hydi-ogen  lines  of  the  Sirian 
type  are  considerably  toned  down,  while  the  metallic  lines, 
notably  those  of  calcium  and  iron,  are  correspondingly 
intensified.  The  perfect  sequence  from  the  Sirian,  through 
the  Procyonian  to  the  Arcturian  type,  is  clearly  shown  by 
the  three  spectra  in  Fig.  9. 

Such  photographic  comparisons  at  once  suggest  that 
some  variation  in  the  condition  of  a  Siriau  star,  without 
change  of  tlie  nuiterials  involved,  might  modify  the  spec- 
trum so  that  it  became  of  the  Procyonian  type,  while  a 
further  change  in  the  same  direction  might  well  produce 
the  Arcturian  type  of  spectrum.  The  idea  of  a  stellar 
evolution  is,  in  fact,  here  presented  in  its  greatest  simplicity. 


and  Sirius  respectively,  and  on  this  supposition  stars 
of  the  first  and  second  types  may  be  ai-ranged  as 
follows : — 


Increasing 
Temperature. 


Decreasing 
Temperature. 


Proto-Metullic  Stars   <  '    -j-ypg  j  jj 
Metallic  Stars         ...  Type  11. 


Cygnian  Sirian 

Polarinn  Procyonian 

Aldebarian  Arcturian 


On  this  view  an  Aldebarian  star  passes  through  the 
Polariau  and  Cyguian  stages  to  a  maximum  of  temperature 
represented  by  one  of  the  groups  of  Orion  stars,  and  then, 
with  decreasing  temperature,  through  stages  represented 
in  succession  by  the  Sirian,  Procyonian,  and  Arcturian 
types. 

If  the  evolutionary  idea  be  accepted,  it  follows  that 
the  chemical  constituents  of  the  Polarian,  Cyguian,  Sirian 
and  Procyonian  stars  are  identical  with  those  of  the 
Arcturian,   and   therefore  with   those  of    the  sun.      The 
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Fia.    9.— Photographic   Spectra   of   P   Arietis    (1),   Procyon    (2),   and   Arcturus    (3). 


the  substances  actually  represented  in  the  three  spectra 
being  identical  so  far  as  they  go. 

There  are  good  groun<ls  for  concluding  that  this  change 
of  spectrum  from  type  to  type  is  brought  about  by  change 
of  temperature.  Apart  from  the  indications  afforded  by 
the  relative  intensities  of  the  proto-metallic  and  metallic 
lines,  this  conclusion  is  suggested  by  the  difference  in  the 
strength  of  the  violet  and  ultra-violet  radiations  in  the 
three  types  of  spectra.  Experiments  teach  that  as  the 
temperature  of  an  incandescent  body,  such  as  a  platinum 
wire,  is  increased,  the  violet  and  ultra-violet  rays  are 
added  in  greater  proportion  than  those  less  refrangible. 
Hence  the  greater  intensity  of  the  violet  and  ultra-violet 
radiations  of  Sirius  as  compared  with  Procyon,  and  of 
Procyon  as  compared  with  Arcturus,  points  to  a  rc<luction 
of  temperature  in  the  passage  from  the  Sirian  to  the 
Arcturian  type  in  the  evolutionary  process. 

The  consideration  of  the  temperatures  of  stars,  as 
indicated  by  the  relative  strengths  of  their  violet  and 
ultra-violet  radiations,  leads  to  another  very  important 
result,  one  which  seems  to  indicate  that  the  evolutionary 
processes  are,  i)erhaps,  not  quite  so  simple  as  might  appear 
from  the  example  already  given.  Sir  Norman  Lockyer 
finds  that  stars  of  about  the  same  temperature  may  usually 
be  divided  into  two  groups,  in  one  of  which  the  hydrogen 
lines  are  much  less  strong  than  in  the  other,  while  the 
additional  lines  are  of  greater  intensity.  He  concludes 
that  the  first  series  of  stars  are  still  increasing  in  tempera- 
ture while  the  others  are  decreasing.  Thus,  Polaris  and 
a  Cygui  nearly  correspond  in  temperature  with  Procyon 


argument  for  the  distribution  of  solar  and  terrestrial 
matter  throughout  the  universe,  therefore,  becomes 
stronger  the  more  the  spectra  of  the  stars  are  investigated. 
Some  of  the  principal  stars  of  Type  I.  and  I. -II.  are  as 
follow  : — ■ 


C}ff..ian. 

Sirian. 

Polariau. 

Procyonian. 

1]  Leoiiis 

a  AqnileB 

n  Aqnila' 

S   Aquilffi 

a  Cygni 

P  Arietis 

e  AnriKio 

a  Argus 

fi  Autigffi 

i  Cepliei 

Y  Bootis 

a  Canis  Maj. 

Y  Cygni 

a  Canis  Min. 

S  Cassiopeia; 

3  Draconis 

fi  CassiopeieQ 

a  Cephei 

^  G«minorum 

a  Circini 

3  Eridani 

a  Leporis 

Y  Herculis 

a  Gemiuorum 

a  Persci 

a  HyOri 

$  Leonis 

a  Urstt!  Min. 

y  Senwntis 

Y  Tauri 

«  Tauri 

a  Opbiucbi 

fi  Tri.  Aust. 

a  Piscium 

a.  Pisi.  Aust. 

/3  Ursa-  Mai. 

t  Ursai  Mai. 

i  Ursaj  Maj. 

y  Virginis 

JUPITER   AND   HIS   MARKINGS. 

By  W.  F.  Dknnino,  f.u.a.s. 

The  surface  phenomena  of  Jupiter  show  no  present  indica- 
tiou  of  declining  in  interest.     Nor  is  it  likely  that  the  study 


178 


KNOWLEDGE, 


[August,  1903. 


of  this  gigantic  orb  will  ever  be  exhausted ;  the  variations 
ia  his  markings,  both  as  regards  their  aspect  and  velocity, 
are  so  diversified  and  the  objects  so  abundant  that  they 
offer  a  comparatively  boundless  field  for  investigation. 
There  is  indeed  every  reason  to  suppose  that  the  ensuing 
few  years  will  witness  increased  enthusiasm  among  Jovian 
students  in  the  northern  hemisphere,  to  whom  the  planet 
wiU  attain  a  much  greater  altitude,  and  appear  under  a 
better  defined  aspect  than  during  the  past  few  oppositions. 
As  now  displayed  in  the  morning  sky,  Jupiter  exhibits 
many  prominent  and  curious  markings.     It  is  true  that  no 


in  surveying  this  planet  is  to  obtain  as  many  accurate 
estimates  as  possible  of  the  times  when  the  various  spots 
pass  tile  central  meridian,  as  these  materials  enable  the 
individual  rates  of  velocity  to  be  ascertained.  The  lielts 
and  zones  of  Jupiter  may  be  likened  to  a  series  of  parallel 
rivers  running  along  at  different  speeds,  and  the  irregular 
spots  floating  in  them  afford  just  the  clues  re(juired  to 
enable  us  to  ascertain  the  relative  strength  of  the  currents. 
The  study  of  Jovian  detail  is  essentially  directed  to  questions 
of  motion  rather  than  of  aspect,  and  in  its  aims  and  issues 
is  very  dissimilar  to  telescopic  enquiries  concerning  liars, 


LoNGiTunEs  OF  THE  Equatoei.al  Spots  (White  O.  Dark  %)  on  Jupiteb,  1902. 
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Observations  with  a  10-inch  Eeflectob,  power  312,  by  W.  F.  Denning,  Bristol. 


distinctly  sensational  feature  happens  to  be  visible,  such  as 
the  slant-belt  of  1860,  the  great  red  spot  in  its  striking 
tint  and  bold  outline  of  1878-80,  or  the  rapidly-moving 
north-temperate  spots  of  1880  and  18!>1.  But  there  are  a 
large  number  of  objects  perceptible  which  it  is  desirable  to 
watch  as  closely  as  possible  during  the  remaining  part  of 
the  opposition.  Observers  who  have  micrometers  would 
do  well  to  determine  the  latitudes  of  the  principal  belts 
and  spots  eveiy  year.     Perhaps,  however,  the  main  object 


which  have  special  i-eference  to  the  forms  and  positions  of 
tlie  Lineaments.  This  is  due  to  the  fact  that  the  spots  on 
Mars  are  actual  surface  formations,  one  and  all  influenced 
by  an  invariable  rotation  period  of  24h.  37in.  22'62s.  But 
telescopic  observers  of  Jupiter  are  merely  studying  the 
outside  meteorology  of  the  planet,  since  his  vaporous 
envelopes  preclude  any  closer  acquaintance  with  the 
phenomena  of  his  real  globe. 

We  may  never  be  able  to  penetrate  this  obstructive  veil 
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ami  gaiu  a  clear  iusight  as  to  the  topo-^'raphv  of  the  disc  ; 
but  what  we  discern  amid  Ihe  envelopes  may  afford  an 
intimation  of  what  is  progressin<:;  below.  There  seems 
little  doubt  that  frequent  eruptions  of  material  occur  from 
tEe  planet,  and  that  the  belts  are  often  reinforced  or  in- 
tensified by  this  ejecta.  A  much  heated  condition  of  Jupiter 
seems  a  necessary  inference,  and  there  is  observational 
jjroof  that  his  giant  sphere  is.  in  a  state  of  considerable 
activity.  By  volcanic  agency  large  volumes  of  material  are 
probably  discharged  outwards,  and  these  upon  entering 
cooler  regions  may  be  partly  solidified,  and  enabled  to 
float  on  the  heavier  lower  vapours.  The  red  spot  has 
endured  so  long,  and  retained  such  a  permanency  of  shape, 
that  it  must  be  regarded  as  a  very  compact,  stable  object, 
possibly  develoj)ed  from  some  special  outburst  on  the 
planet's  surface  at  a  rather  remote  period  in  the  past. 

More  than  once,  remarkable  outbreaks  of  dark  spots 
have  l)een  observed,  and  these  spreading  out  in  a  longi- 
tudinal direction  have  ultimately  been  drifted  into  new 
belts  by  the  action  of  the  very  swift  rotational  velocity. 
But  as  all  or  neai-ly  all  the  markings  are  influenced  by 
proper  motions,  it  is  scarcely  possible  to  ascertain  the  exact 
rotation  period.  There  was  an  outburst  of  dark  material 
from  the  planet  in  I860  which  seems  to  give  us  a  good 
clue.  It  was  spun  into  a  new  belt  on  the  planet  in  a 
period  of  64  days,  but  one  end  of  the  disturbance,  probably 
representing  the  seat  of  energy,  maintained  a  constant 
rate  of  9h.  56m.  Is.,  while  the  other  end  showed  an 
increasing  velocity.  If,  therefore,  we  are  justified  in 
assuming  that  the  dark  material  represented  an  uprush 
from  the  planet's  surface,  the  value  alluded  to  must  closely 
approximate  to,  if  it  does  not  coincide  with,  the  rotation 
period  of  the  Jovian  sphere. 

In  recent  years  spots  may  be  said  to  have  chiefly 
abounded  in  four  latitudes,  and  to  have  given  evidence  of 
marked  differences  in  rate  : — 


Latitiule. 


Mean  Rotation  Period. 


Notes 


+  25°  to  30"      9  55  55-3  16  determinations. 

+  10°  to  15°      9  55  31-2  35  determinations. 

Equatorial  Region       ...  9  50  25-6  5  years,  1898-1902. 

-25°  to  30°       9  55  18-7  29  determinations. 

Red  spot  and  hoUow  in  9  55  36-56  70  years' observations,  1831- 
belt.   Section  of  -20°  lilol.   61,813  rotation'. 

And  thess  particular  regions  of  the  planet  are  at  the 
present  moment  very  rich  in  spots  of  various  character. 
The  sedulous  study  of  these  currents,  and  of  the  objects 
carried  along  in  tliem,  must  be  carefully  pursued  from 
year  to  year,  for  they  may  ultimately  teach  us  something  as 
to  periodical  changes  of  velocity  possibly  affecting  them, 
as  well  as  enable  us  to  recognise  recurrent  markings. 

In  the  spring  of  1901  several  dark  projections  were 
observe  1  from  the  S.  side  of  the  S.  equatorial  belt.  These 
intcMsifiod,  and  a  considerable  amount  of  dark  matter  was 
thereaftt-r  distributed  over  the  S.  tropical  zone.  This 
enveloped  tlie  red  spot  in  July,  1902,  and  passed  that 
object  l)y  flowing  round  its  southern  borders.  The  large 
tropical  spot  is  still  visible,  though  much  fainter  than 
loniierly.  On  June  30  it  extended  over  47  degrees  of 
longitude,  and  its  centre  was  in  transit  at  l.^h.  34m. 
Comparing  this  observation  with  the  position  of  the  same 
marking  at  the  middle  of  June,  1901,  it  will  be  foujid  that 
it  pcrl'orined  1795  rotations  in  the  interval,  with  a  mean 
period  of  91i.  55m.  18-6s. 

But,  of  course,  the  most  interesting  object  on  Jupiter  is 
the  great  red  spot.  This  marking  exhibited  for  many 
years  a  retardation  in  motion  which  increased  its  rotation 
period  from  9h.  55m.  33-4s.  in  1877,  to  9h.  55m.  41-Os.  in 
1894.  Since  the  latter  year  the  m^an  values  hdve  been 
as  follow  : — 


1895  ...  9  55  41-1 

1896  ...  9  55  41-3 

1897  ...  9  55  41-5 

1898  ...  9  55  41-6 


H. 


8. 


1899  ...  9  55  41-7 

1900  ...  9  55  41-7 

1901  ...  9  55  40-6 

1902  ...  9  55  390 


The  spot  now  follows  the  zero  meridian  of  Mr. 
Crommelin's  System  II.  by  52  minutes  =  31°-4  of 
longitude.  The  observations  obtained  at  Bristol  since 
Jupiter  became  a  morning  star  are  as  under : — 


1903. 

" 

iime. 

May  26 

16 

18 

29-5 

„      31 

15 

28 

30-4 

June     5 

*14 

33 

28-3 

„      24 

15 

20 

31-6 

„      29 

14 

29 

32-3 

July     1 

16 

7 

32-1 

„      13 

16 

2 
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The  earlier  observations  seem  to  place  the  spot  too 
far  W.,  but  at  the  time  they  were  made  the  planet  was 
small  and  altitude  low,  and  results  obtained  under  such 
circumstances  are  rarely  so  good  as  those  secured  nearer 
the  date  of  opposition.  Quite  possibly  the  motion  is  again 
retarded. 

The  chart  of  equatorial  spots  visible  in  1902  shows  their 
various  longitudes  durmg  the  last  six  months  of  the  year. 
The  mean  rotation  period  of  24  white  and  dark  spots 
was  91i.  50m.  26-7s.  The  irregularities  observable  in  the 
projected  longitudes  suggest  that  these  markings  have  a 
curious  oscillatory  motion,  and  such  is  indeed  the  case, 
though  certainly  not  to  the  extent  apparent  in  the 
drawing.  Errors  in  the  observed  transit  times  must  be 
partly  responsible  for  a  number  of  the  displacements,  and 
considerable  changes  occur  in  the  dimensions  and  visible 
aspect  of  the  spots  which  must  naturally  influence  the 
results.  But  apart  from  these  disturbing  causes,  the 
markings  have  undoubtedly  a  to-and-fro  movement  in 
longitude  which  sufficiently  proves  that  the  equatorial 
current  is  subject  to  decided  sectional  fluctuations. 

A  discussion  has  recently  taken  place  in  Popular 
Astronoinij  as  to  the  relative  value  of  transits  of  spots 
obtained  by  micrometric  measurement  and  by  simple  eye 
estimation.  There  is  really  a  very  trifling  difference  in 
the  accuracy  of  the  two  methods.  The  micrometer  seems 
capable  of  furni.shing  results  a  little  more  exact  than  those 
depending  solely  on  the  eye,  but  the  difference  is  so  small 
that  it  may  be  practically  disregarded.  Eye-estimated 
transits  are  often  very  precise,  for  the  rapid  rotation  of 
Jupiter  palpably  displaces  objects  near  the  central 
meridian  in  two  or  three  minutes.  Two,  or  even  three 
minutes  of  error  in  the  transit  time  of  a  spot  possess 
little  significance,  since  the  rotation  periods  are  often 
derived  for  intervals  embracing  more  than  three  hundred 
rotations,  and  the  error  will  only  amount  to  the  small 
fraction  of  a  second.  Even  the  spots  themselves  vary 
in  their  periods  to  the  extent  of  tea  or  twenty  seconds 
or  more  !  What  is  of  far  greater  importance  in  studying 
the  markings  is  to  make  a  large  number  of  observations 
so  as  to  be  prnrtimHij  certain  of  their  individuaj  itlentifica- 
fions.  and  to  follow  tliem  over  as  long  a  period  as  possible, 
so  that  the  observational  errors  may  be  minified,  if  not 
eliminated,  by  their  division  among  a  large  number  of 
rotations.  The  misideutification  of  markings,  and  the 
shortness  of  the  perio<l  over  wliich  they  have  Iteeu 
observed,  have  furnished  fruitful  sources  of  error. 

As  to  the  surface  currents,  whatever  may  be  said  in 
opposition  to  the  plan  of  sorting  them  into  zones  or 
parallels  of  latitude,  and  ascribing  mean  rates  of  motion 

*  Estimate  doubtful,  the  spot   being  some   distance  west  of  the 

meridian. 
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for  oach  one,  tbc  j)lan  is  necessary,  aud  natiirally  suggests 
itself  as  likely  to  facilitate  tlie  easy  retention  of  our  know- 
ledge of  (li^tail.  The  method  is  certainly  not  perfect  in  its 
application  to  all  the  facts  accnniulated.  For  instance, 
spots  have  temporarily  appeared  in  the  north-temperate 
region  with  a  rotation  of  only  9h.  48m.,  yet  the  normal 
rate  of  this  latitude  is  9h.  55m.  55s.,  and  represents 
the  slowest  current  of  all.  But  the  i-apidly-moving 
spots  alluded  to  formed  a  very  exceptional  incident,  and 
should  not  be  allowed  to  negative  a  system  which  has 
much  to  recommend  it. 

Occasionally  there  are  seen  markings  on  Jupiter  of  a 
very  curious  and  special  description,  and  apparently  dis- 
similar to  all  the  rest.  These  are  in  the  form  of  faint  dusky 
streaks,  running  from  spots  on  the  north-temperate  belts 
to  the  region  of  the  north  pole.  They  cross  the  belts  at 
right  angles,  and  one  of  these  features— the  centre  of  three 
— was  very  conspicuous  on  July  1,  1903,  in  longitude  13°, 
and  in  transit  at  approximately  the  same  time  as  the 
preceding  end  of  the  great  red  spot.  The  aspect  of  these 
northern  latitudinal  spots  was  somewhat  as  under  : — 


151i.  36m.  161i.  12m. 

Northern  Hemisphere  of  Jupiter,  July  1. 

10-in.  Reflector,  power  312. 

They  are  not  often  visible,  and  I  am  not  aware  who  was 
the  first  discoverer  of  markings  of  this  kind,  but  they  are 
certainly  of  a  distinctive  and  interesting  character,  and 
deserve  more  attention  than  they  have  hitherto  received. 
I  must  confess,  however,  that  I  cannot  altogether  do  away 
with  the  impression  that  they  are  an  optical  illusion. 
The  spots  to  which  these  polar  streams  are  attached  are 
located  in  a  latitude  which  is  rather  productive  of  dis- 
cordant phenomena,  and  often  displays  a  considerable 
amount  of  activity.  Tt  is  in  this  north-temperate  region 
of  Jupiter  that  the  swiftest  and  the  slowest  spot-motions 
have  been  detei-mined,  and  these  and  other  anomalies 
present  a  strange  contrast  to  the  behaviour  of  the  south- 
temperate  lielt,  which  has  preserved  a  very  equable 
rate  of  about  9h.  55m.  18-7s.  during  many  years. 

Accompanying  this  paper  are  four  representations  of 
Jupiter — copied  from  drawings  made  at  the  telescope — 
and  they  will  siifficiently  illustrate  the  general  aspect  of 
the  planet  in  July,  1902,  and  June,  1903,  without  pre- 
Bimiing  to  critical  exactness  as  to  the  positions  in  latitude. 


Hetttrs. 


[The  Editors  do  not  hold  themselves   responsible    for   the   opinions 
or   statements   of   correspondents.] 

"MOLECULES     AND     HEAT." 

TO    THE    EDITOES    OF    KNOWLEDGE. 

Sirs, — I  would  like  to  say  a  few  words  upon  Mr.  Edser's 
most  fair  criticism*  upon  my  work  on  "  Molecules  and 
Heat."  Writing  upon  the  theory  my  experiments  have 
suggested — I   think  proved — he  states,   "  Such  a  theory 

*  Knowledge,  1903,  page  160. 


labours  under  all  the  difficulties  that  beset  the  old  caloric 
theory."  There  is  a  great  difference  between  this  new 
theory  and  the  old  caloric  theory.  My  view  is  that  the 
molecule  is  not  a  constant  in  dimensions.  The  old  caloric 
and  the  kinetic  theories  regard  the  molecule  as  constant 
in  dimensions.  The  fundamental  fact — the  all-important 
fact  to  be  explained  is  :  eliminating  the  change  of  state  in 
the  molecule — crystallization — any  theory  must  explain 
why  matter,  especially  liquid  and  gaseous  matter,  becomes 
lighter  as  it  increases  in  temperature — for  instance,  hot 
water  floats  upon  cold  water.  Now,  my  view  explains  this, 
but  no  other  theory  does. 

Physical  science  is  full  of  what  appear  to  me  to  be  con- 
tradictious in  terms,  which  are  believed  in  by  men  who 
carry  my  highest  esteem.  Speaking  of  the  objects — 
spheres — I  have  shown  floating  in  air,  Mr.  Edser  says,  "  The 
accepted  explanation  of  this  depends  on  the  fact  that  a 
gas  or  liquid  exerts  considerable  friction  on  very  small 
particles,  which  are  thus  unable  to  sink  quickly."  This  I 
understand  to  mean,  that  there  is  contact  between  the  gas 
or  liquid  molecules  and  these  small  particles  to  produce 
friction.  Then  he  goes  on  to  say,  "The  flask  is  filled  with 
aqueous  vapour,  the  invisible  small  molecules  of  which  are 
comparatively  widely  separated  from  each  other."  A  little 
thought  will  show  that  these  two  statements  are  a  con- 
tradiction in  terms.  Now  the  views  I  have  shown  (wliich 
are  derived  wholly  from  experiment)  give  the  friction  Mr. 
Edser  properly  wants  to  import,  and  no  other  view  does 
this.  Then  he  repeats  the  wide-spread  error,  that  the 
particles  of  dust  in  the  air  are  centres  of  condensation, 
producing  "  small  water  droplets."  Quite  forgetting  that 
experiment  shows  that  such  droplets  gravitate,  whereas  the 
objects  I  have  shown  him  rise  from  the  liquid — in  fact, 
dart  off  the  liquid.  To  complete  Mr.  Edser's  idea,  we 
should  see  raindi-ops  jumping  up  from  the  pavements  and 
ascending  to  the  skies,  but  who  has  ever  seen  such  a 
phenomenon  ?  Besides,  I  have  shown  experimentally  that 
the  particles  of  dust  in  the  air  are  not  the  factors  in  con- 
densation, for  we  obtain  condensation  without  these  motes, 
and  with  a  single  element,  say,  oxygen  gas.  Then  Mr. 
Edser  objects  to  the  concept  that  "  a  water  molecule  as  a 
spherical  body  composed  of  a  great  number  of  atoms  of 
oxygen  and  hydrogen,  in  the  proportion  of  one  of  the 
former  to  two  of  the  latter,"  but  goes  on  to  say  that  this 
molecule  consists  of  "  one  atom  of  oxygen  and  two  atoms 
of  hydrogen."  Where  is  his  authority  for  such  a  state- 
ment y  He  will  reply  that  he  obtains  it  from  the  chemist. 
But  where  is  the  chemist's  authority  ?  Absolutely  ha  has 
no  data,  because  if  what  I  have  shown  is  not  the  molecule, 
then  no  human  eye  has  ever  seen  the  molecule,  and  it  is 
my  audacity  in  stating  that  nature  will  show  tliis  object  if 
we  approach  her  with  a  neutral  mind,  which  makes  Mr. 
Edser  say  that  "  nothing  could  well  be  more  startling  than 
such  a  claim."  The  fact  is,  the  deductions  I  have  arrived 
at  are  built  up  from  many  more  experiments  than  time 
permitted  me  to  show  Mr.  Edser,  especially  experiments 
interpreted  by  the  thermopile  and  the  thermometer. 

Frederick  Hovenden. 

West  Dulwich,  July  9th,  1903. 


RARE    CONDITION    OF    THE    HUMAN    HAIR. 

TO    THE    EDITORS    OP    KNOWLEDGE. 

Sirs, — Dr.  Walter  Kidd's  note  under  this  heading 
is  interesting,  but  I  hai-dly  think  he  is  warranted 
in  concluding  that  the  abnormal  condition  he  describes 
may  have  been  inherited. 

It  would  be  first  necessary  to  ascertain  that  the  part 
where  the  truncated  hairs  appear  had  not  been  subjected 
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to  continued  friction.  lu  some  observations  of  my  own  I 
found  a  similar  condition  of  tlie  hair  on  tlie  outer  part  of 
the  skin,  and  traced  its  cause  to  the  person  sleeping  with 
legs  crossed.  In  this  case  there  was  the  additional 
peculiarity  that,  whereas  some  of  the  hairs  had  been 
regularly  worn  down  to  the  skin  surface,  others  had  never 
succeeded  iu  emerging  from  the  skin,  but  had  grown  to  a 
length  of  half  an  inch  or  more  henealh  the  outer  skin, 
through  which  they  might  be  seen  just  below  the  surface. 
They  could  readily  be  lifted  out  with  a  needle  point.  Can 
Dr.  Kidd  suggest  a  cause  for  this  mode  of  growth  ?  Fric- 
tion alone  would  hardly  account  for  it,  but  perhaps 
pressure  plus  friction  may  have  forced  the  hair  point  to 
take  a  right-angled  course. 

W.  S.  Rogers. 

("The  particular  case  referred  to  liy  Mr.  Rogers,  in 
which  the  hairs  of  the  leg  were  found  lying  buried  under 
the  epidermis  instead  of  projecting  at  an  acute  angle,  is 
interesting,  but  I  cannot  see  why  any  other  force  than 
that  of  the  peculiar  pressure  exerted  is  required  to  account 
f ( ir  the  condition.  I  think  friction  would  tend  to  prevent 
rather  than  favour  the  position  of  the  hairs. 

My  own  case  is,  of  course,  defective,  as  there  is  no 
evidence,  except  the  man's  own  testimony,  that  it  existed 
in  early  life.  It  is  hardly  possible  that  special  friction  or 
pressure  could  have  been  affecting  for  many  years  the  two 
borders  of  each  hand,  and  the  middle  of  the  dorsum  of 
each  be  missed  out,  and  the  dorsal  surfaces  of  the 
j)hala,nges  also  affected.  Besides  which  there  were  a  few 
stniy  normal  hairs  of  full  length  interspersed  with  the 
truui/ated  hairs.  But  the  situations  where  these  truncated 
hairs  were  found  are  just  those  where  the  accumulated 
effects  of  repeated  friction  through  many  generations 
would  l)e  found,  if  at  all. 

It  might  be  held  that  some  unknown  microbic  or  patho- 
logical origin  could  be  assigned  for  the  state  of  the  hairs, 
but  this  is  hardly  possible,  seeing  how  long  the  condition 
had  lasted  and  that  the  skm  was  healthy  and  clean,  and 
that  normal  were  interspersed  with  abnormal  hairs. 

Walter  Kidd.] 
t;th  July,  1903. 


THE    CROSS    OP    S.    SOPHIA. 

TO    THE    EDITORS    OK    KNOWLEDGE. 

Sirs, — I  was  abroad  during  April  and  did  not  see  Mr. 
Antoniadi's  rejoinder  about  tlie  Cross  of  S.  Sophia  until 
I  returned  home.  Mr.  Antoniadi  can  hardly  expect  universal 
credence  for  his  interpretation  of  the  lines  of  the  Silentiary's 
poem,  which  were  so  broken  that  neither  Griife  nor  Bekker 
veuturt'd  to  restore  them.  Moreover,  the  fragments  quoted 
bv  Mr.  Antoniadi  (Knowledge,  p.  91)  do  tud  state  that 
the  crown  of  the  dome  was  adorned  with  a  picture  of 
Christ  in  Glory;  they  only  say  something  al)Out  "mosaic" 
and  ■'  saving  "  and  "  guarding"  and  "  the  Saviour  of  the 
World."  Such  words  are  quite  as  likely  to  How  from  the 
jK'ii  in  describing  a  mosaic  Cross  as  a  mosaic  Christ. 

The  "  Painter's  Manual  "  doubtless  gives  us  the  later 
praxis,  but  I  never  imagined  that  it  was  supposed  to  reflect 
the  usage  of  pre-Iconoclastic  days.  No  one  doubts  that  a 
mosaic  of  Christ  in  Glory  filled  the  centre  of  the  dome  in 
1453  (Du  Cange,  p.  548  ;  hethaby  and  Swaiuson,  pp.  "278, 
280),  but  there  is  nothing  to  suggest  that  this  mosaic,  or 
any  other  of  the  figure  mosaics,  is  older  than  the  Emperor 
Basil  the  Macedonian  (8t)7  a.d.).  Messrs.  Lethaby  and 
Swaiuson  may  speak  for  tlu'inselves  :  "The  figan-  scheme, 
so  far  as  it  can  be  traced,  I'losely  agrees  with  the  Byzantine 
Manual  of  Painting;  ami  the  subjects  and  treatments  can 
be  associated  with  work  in  other  cliurches  of  the  ninth  and 


tenth  centuries  which  have  iu  several  cases  almost  iilentical 
designs.  Altogether,  it  may  be  doubted  if  a  single  figure 
belongs  to  a  time  anterior  tu  the  Iconoclastic  period  of  the 
eighth  century.  We  believe  the  original  scheme  of  decora- 
tion is  best  accounted  for  without  figures,  and  even  if  this 
were  not  so,  we  can  hardly  believe  that  in  the  Patriarchal 
Church  at  the  door  of  the  Palace  figures  would  have 
lasted  through  the  reigns  of  the  Iconoclastic  emperors  and 
patriarchs  "  (p.  280).  "  It  is  quite  certain  from  Procopius 
and  the  poem  of  the  Silentiary  that  the  vaults  of  Justinian's 
church  were  covered  with  mosaic.  They  both  descrite  the 
brilliance  of  the  gold  glittering  surface,  but  do  not  mention 
any  figures.  In  such  detailed  descriptions  this  silence  goes 
far  to  show  that  there  was  originally  no  storied  scheme  of 
imagery,  like  that  which  the  Poet  so  fully  traced  out  on 
the  curtains  and  iconostasis  "  (p.  282).  Messrs.  Lethaby 
and  Swaiuson  then  go  on  to  compare  the  Cross  which  they 
understand  the  Silentiary  to  describe  at  the  highest  point 
of  tlie  dome  with  tlie  decoration  <jf  the  well-known  tomb 
of  Galla  Placidia  at  Eaveuna,  where  the  dome  is  covered 
with  blue  mosaic  sprinkled  with  golden  stars,  and  at  the 
top  is  a  golden  Cross. 

As  to  the  translation  of  the  lines  about  the  ipurizToXiv 
(rraupov,  upon  which  the  whole  dispute  hangs,  I  would  ask 
those  readers  of  Knowledge  who  have  not  already  made 
up  their  minds,  to  consider  the  general  plan  of  the 
Silentiary's  poem,  a  plan  which  I  venture  to  think 
inconsistent  with  a  reference  to  an  outside  cross-. 
Excluding  the  304  lines  on  the  Anibo,  the  poem  on 
S.  Sophia  is  1029  lines  long.  Of  these,  the  first  350  lines 
are  introductory,  and  speak  of  the  fall  of  the  previous  . 
church  and  of  the  solemn  inaugiu'ation  of  the  present 
building  on  Christmas  Day,  563  a.d.  The  last  109  lines 
are  a  panegyric  on  Justinian.  The  rest  of  the  work,  over 
550  hexameters  iu  length,  is  taken  up  with  a  detailed 
description  of  the  inside  of  S.  Sophia.  The  poet  describes 
iu  turn  the  Eastern  Apses,  the  Chancel  Ai'ch,  the  West 
End,  the  Narthex,  the  Four  Piers  that  support  the  Dome, 
the  Pendentives,  the  Cornice  of  the  Dome,  the  Dome  itself, 
the  North  and  South  Walls,  the  North  and  South  Aisles, 
the  Gynaecea,  the  Atrium,  the  Marbles,  the  Inlaid  Work, 
the  Capitals,  the  Floor,  the  Gold  Mosaic,  the  Iconostasis, 
the  Ciborium,  the  Altar,  the  Altar  Curtains  and  the 
Pictures  embroidered  on  them,  and,  finally,  the  arrange- 
ments for  Lighting.  But  not  a  word  is  given  to  the 
outside.  The  description  of  the  Lamps  ends  up  with  a 
declaration  that  the  mariner,  coming  at  night  to  Constan- 
tinople fnun  the  .Egcaii  Sea,  guides  his  ship  not  by  the 
stars  but  by  the  lights  of  S.  Sophia,  shining  thz-ough  the 
windows  in  the  lower  part  of  tke  Dome.*  Yet  even  here 
We  are  dealing  with  lights  inside  the  church,  not  with  an 
object  placed  on  the  outside.  It  is  therefore  wholly 
improbable  that  Paulus,  while  describing  the  inside  of  the 
Dome  and  comparing  it  to  the  vault  of  heaven,  should 
suddenly  pass  through  the  tiles  and  tell  us  iu  ambiguous 
language  of  a  cross  on  the  outside  of  the  Dome.  Every 
other  oliject  mentioned  by  Paulus  is  visible  from  the 
inside. 

Mr.  Antoniadi  has  failed  to  bring  forward  any  passage 
iu  which  the  verl>  ypa.<f>uv  is  used  of  sculpture  or  raised 
metal-work.  The  word  is  used  of  writiiuj  or  dratcing.  in 
fact  of  any  surface  decoration.  Thus  in  the  Silentiary's 
Poem,  ii.,  232,  eypa<)/€  is  used  of  designs  made  iu  marble 
inlay  on  the  walls.  But  even  granting  that  the  j>rimary 
meaning  of  yad'^eiv  is  "  to  scratch,  to  incise,"  few  people 
would  sujipose  that  when  Paulus  says  "  a  cross  was 
scratched  over  the  top  of  the  dome  "  he  really  means  "  a 


•  Compsire   Mr.    Aiitoniaili's    charming   draTring    (Knowledgb, 

V-  27). 
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cross  was  artfully  carved  out  of  metal  and  set  up  ou  the 
outside."  Paulus  evidently  did  not  like  to  think  of 
the  Cross  as  plastered  up  against  (Iffi)  the  crown  of 
the  vault,  though  of  course  this  was  physically  the  case. 
His  j)lirase  seems  to  imply  that  he  thought  of  it  "  as 
thougli  it  were  suspended  from  heaven,"  to  use  the  words 
of  Procopius.  Hence  the  employment  of  vTre'p— the  Cross 
seemed  not  to  be  fastened  upon  the  ceiling  of  the  dome, 
but  to  be  hanging  over  it. 

In  conclusion,  I  disclaim  altogether  any  "  desire  to 
deprive  mediaeval  G-reek  Churches  of  their  outer  cross," 
but  I  denied,  and  still  deny,  that  the  Silentiary  mentions 
such  a  cross.  And  I  am  surprised  that  a  writer  who 
understands  cypa<^€  to  mean  "  artfully  carved  out  of 
metal  "  should  accuse  my  interpretation  of  artificiality. 

F.    C.    BURKITT. 

Elterholm,  Cambridge. 

P.S. — Since  writing  the  above  I  Lave  read  Mr.  Anto- 
niadi's  remarks  on  p.  102.  The  line  from  the  Silentiary 
to  which  he  refers  (ii.,  294)  is  aWoOi  it  y^pic-roit  KOTiypa^e 
furjTepa  Tiyvi^.  This  refers  not  to  a  statue  but  to  a  picture 
of  some  kind,  whether  in  incised  metal  or  enamel  or 
mosaic,  or  it  may  have  been  a  wooden  panel  covered  with 
metal  plates.  What  I  have  denied,  and  still  deny,  is  that 
ypdi^SLV  (or  Karaypa^uv)  can  be  used  for  a  detached 
object  such  as  a  standing  cross  or  a  statue.  Or  to  put  it 
into  English,  I  deny  that  "  to  engrave  "  can  ever  mean 
"  to  set  up." 

The  whole  later  scheme  of  decoration  is  fully  treated  by 
Lethaby  and  Swainson,  as  the  extracts  I  have  quoted 
sufliciently  show,  and  I  would  refer  readers  of  Knowledge 
once  more  to  their  book. — F.  C.  Buekitt. 

[The  reply  to  the  various  points  raised  by  Mr.  Burkitt 
is  easy  and  obvious.  In  the  first  place  he  says  that  my 
quotation  from  the  Silentiary  (p.  91)  does  "not  state  that 
the  crown  of  the  dome  was  adorned  with  a  picture  of 
Christ."  But  in  this  he  is  mistaken,  as  the  poet  speaks, 
in  his  description  of  the  dome,  of  "  a  circle,"  of  "  mosaic," 
and  of  "  the  Saviour  of  the  World  "  ;  and  as  the  cupola  of 
St.  Sophia  has  only  one  circle,  the  one  formed  by  the  ribs 
at  the  crown,  any  allusion  to  "  a  circle"  and  "mosaic"  in 
the  dome  must  necessarily  refer  to  the  crown.  Then  Mr. 
Burkitt  asks  us  to  lielieve  that  these  words  "  in  a  circle," 
"mosaic,"  and  "Saviour  of  the  World,"  may  have  applied  to 
a  cross.  This  is  a  gratuitous  supposition,  and,  considering 
that  there  is  no  mention  whatever  of  a  cross  here,  its 
conception  has  no  counterpart  in  the  world  of  fact,  and 
cannot  deserve  serious  attention. 

Again,  the  quotation  that  "  there  was  originally  no 
storied  scheme  of  imagery "  in  St.  Sophia  is  opposed  to 
evidence,  as  in  the  church  of  San  Vitale.  in  Raveuua,  built 
by  Justinian,  we  find  mosaic  images  of  Christ,  the  Lamb, 
of  angels,  of  Justinian  and  Theodora,  and  of  a  crowd  of 
saints  and  apostles  in  great  profusion.  And  if  a  provincial 
church  was  so  richly  endowed  with  eikons,  is  it  not  illogical 
to  assume  that  the  synchronous  great  central  cathedral 
had  no  mosaic  images  whatsoever? 

The  evidence  of  the  mausoleum  of  Galla  Placidia  has  no 
bearing  on  the  discussion,  as  there  cannot  be  any  com- 
parison between  the  arrangements  of  a  mere  tomb  and 
those  of  a  great  cathedral.  Also,  the  attempt  to  preclude 
the  Silentiary  from  describing  any  outer  object  of  the 
church  is  contradicted  by  facts,  since  the  poet  describes 
in  detail  the  open  atrium,  which,  at  variance  with  Mr. 
Burkitt's  belief,  formed  an  integral  part  of  St.  Sophia  on 
the  outside. 

Mr.  Burkitt  says  further  that  I  have  "  failed  to  bring 
forward  any  passage  in  which  the  verb  ypd^eiv  is  used  of 
sculpture,"    when    ou    p.    102    of    the    May    numter   of 


Knowledge  I  have  shown  the  poet  to  connect  the  form 
i'ypa'^s  with  its  subject  Xnoro'pos,  stone-borer,  or  sculptor! 

On  p.  30  I  remarked  that  the  expression  "  above  the 
highest  summit  "  could  evidently  never  apply  to  an  inner 
cross — a  difiiculty  which  Mr.  Burkitt  never  overcame. 
The  late  Mr.  Swainson  got  rid  of  the  obnoxious  adverb,  or 
preposition,  by  altering  its  meaning  into  at,  but  Mr.  Burkitt 
has  tried  to  reconcile  it  with  an  inner  eross,  the  result 
being  that  he  located  his  cross  in  the  very  thickness  ot 
the  bricks  (p.  84).  This  check  did  not  discourage  him, 
however,  since  he  now  ventures  to  conceive  the  accurate 
Silentiary  to  have  meant  that  the  cross  floated  above  the 
position  where  it  was  depicted,  although  it  is  fair  to  add 
that  Mr.  Burkitt  at  once  acknowledges  the  physical 
impossibility  of  his  own  assumption. 

I  am  glad  to  see  Mr.  Burkitt  admitting  at  last  that 
ypd^av  originally  meant  "  to  scratch,  to  incise  "  ;  and  yet 
it  is  noteworthy  that  he  triumphantly  makes  me  mean 
that  "  a  cross  was  scratched  a,t  the  top,"  prudently  avoiding 
to  say  that  it  was  "incised,"  as  the  latter  verb  settles 
immediately  this  baseless  discussion. 

With  regard  to  the  last  sentence  of  his  letter,  I  support 
my  interpretation  of  the  words  Te^vrj  iypa^s  ^ravpov  \nesp 
ax^oruTijs  K0pu4>^?,  'art  incised  or  carved  a  cross  above  the 
most  culminating  summit,"  since  the  English  verb  to  carve 
is  etymologically  akin  to  the  Greek  ypa<^ei.v,  and  because 
ypa^eiv  was,  according  to  the  Silentiary,  a  function  of  the 
sculptor  (p.  102). 

On  p.  84,  Mr.  Burkitt  said  that  I  brought  "  no  evidence 
in  support "  of  my  "  contention "  that  St.  Sophia  had  a 
cross  on  the  dome,  like  St.  Paul's,  asking  me  to  convince 
him  that  there  was  such  a  cross.  Now,  considering  that 
the  need  of  conviction  implies  disbelief,  Mr.  Bvu-kitt 
evidently  deprived  St.  Sophia,  and  all  Greek  churches,  of 
their  outer  cross.  This  was  straining  facts  too  much. 
Realising  the  gravity  of  such  a  situation,  he  now  boldly 
refutes  his  primaeval  argument  by  disclaiming  "  altogether 
any  '  desire  to  deprive  mediaeval  Greek  churches  of  their 
outer  cross.' " 

In  short,  my  claim  that  the  inner  crown  of  the  dome 
had  a  Justinian  image  of  Christ  becomes  a  fact,  since  it  is 
confirmed  by  ocular  witnesses  at  the  time  (p.  102),  and 
this  carries,  of  course,  the  cross  outside ;  whereas  Mr. 
Burkitt's  mosaic  cross,  unseen  by  anybody,  and  resting  on 
no  facts,  could  naturally  never  step  outside  the  bounds  of 
sulijectivity,  throughout  the  present  discussion. — E.  M. 
Antoniadi.] 

[In  reply  to  his  P.S.,  I  thank  Mr.  Burkitt  for  having 
granted  that  ypd^siv  meant  to  incise ;  and  as  that  verb,  in 
English,  means  not  only  to  cut  superficiaJhj,  but  also  to  cut 
rigid  off,  we  reach  a  demonstration  of  the  fact  that  lypx^i 
was  perfectly  applicable  to  the  solid  cross  of  the  dome. 

The  kindred  verb  ycLpdmruv,  to  incise,  is  also  used 
(p.  102)  by  the  poet  to  say  that  a  wall  was  cut  off  at  a 
definite  height. — E.  M.  Antoniadi.] 

"COMETS    AND    THEIR     TAILS    AND     THE 
GEGENSCHEIN." 

TO    THE    EDITORS    OF    KNOWLEDGE. 

SiKs^ — I  must  protest  against  the  assumption  made  in  a 
review  of  the  above  work,  in  your  issue  for  June,  that  my 
work  constitutes  a  revival  of  Tycho  Brahc's  theory. 

The  refractive  and  consequent  concentrative  influences 
of  the  atmosphere  of  comets  has  not  (previously  to  my 
work)  been  recorded.  Even  if  any  thinker  had  advanced 
similar  views  to  mine,  does  this  render  the  arguments  I 
use  any  the  less  weighty  or  deserving  of  attention  ? 

The  writer  of  this  review  mentions  a  comet  of  1823  and 
1851.     I   can   recall   no   comet  of   the  former  year,  and 
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presume  lie  is  alluding  to  the  comet  of  1824.  Unfortunately 
but  little  (lata  is  to  band  as  to  these  comets.  Photo- 
graphy was  not  known.  Were  they  to  appear  now, 
sufficient  data  could  undoubtedly  be  collected  either  to 
confirm  or  disprove  my  theory.  The  only  comet  from 
which  rays  were  apparently  lying  on  the  line  of  the  "  radius 
vector "  was  that  of  1882,  faint  indications  of  which  are 
discernible  in  the  photographic  views  of  this  comet  on 
November  7th,  1882.  These  photos  were  taken  at  the 
Cape,  and  a  faint  ray  running  into  the  head  of  the  comet 
i-i  distinguishable  for  a  short  distance  from  the  head  and 
decreasiiuj  iu  width  as  the  rays  leave  the  comet.  In  my 
own  mind  there  is  only  one  explanation  for  this  luminous 
appearance,  and  it  is  that  there  must  have  been  a  comet 
travelling  probably  in  the  same  ellipse  and  as  an  atten- 
dant Ijody  whose  bead  was  lost  in  the  brightness  of  the 
sun  but  whose  tail  ran  into  the  big  comet  on  that  date  and 
was  thus  caught  in  these  photos.  This  may  or  may  not 
have  been  the  case  with  the  comets  the  reviewer  wishes  to 
quote.  We  have  not,  however,  sufficient  data  to  determine 
this  point. 

In  conclusion,  I  must  protest  against  the  remarks  that 
the  reviewer  has  noticed  several  errors  in  my  work.  He 
only  quotes  two  of  the  said  mistakes,  one  obviously  a 
printer's  error,  in  which  the  year  1774  is  printed  instead 
of  the  year  1744.  The  other  is  no  error,  namely  that 
Donatis  comet  was  first  discovered  by  Tuttle.  I  omitted 
to  say  "  in  America,"  and  the  meaning  I  had  must  be 
perfectly  apparent  by  the  text  following  the  sentence,  and 
also  from  my  using  the  European  discoverer's  name.  No 
other  printer's  errors  exist  and  no  other  omission  of  words 
can  be  laid  to  my  door  in  the  whole  of  my  work. 

Fred.  G.    Shaw. 

[Mr.  Shaw's  letter  can  hardly  be  said  to  strengthen  his 
case.  He  says  that  he  can  recall  no  comet  of  the  year 
1823,  but  any  astronomical  work  will  inform  him  that  a 
bright  comet  passed  its  perihelion  on  December  9th  of  that 
year.  It  was  visible  during  the  months  of  December, 
January  and  February,  1823-4.  Hind  referred  to  this 
comet  as  "  remarkable  for  having  exhibited  a  tail  directed 
towards  the  sun  in  addition  to  another  in  the  usual 
position."  The  fourth  comet  of  1851  presented  a  similar 
aspect,  its  tail  "consisting  of  two  branches,  one  of  which 
was  turned  towards  the  sun."  There  are  other  instances, 
in  spite  of  Mr.  Shaw's  assertion  that  the  comet  of  1882 
supplied  the  only  case  of  the  kind.  Tour  correspondent 
remarks  that  his  statement  "  Tuttle  discovered  Donati's 
comet  on  June  2nd,  1858,"  was  no  error,  only  an  omission 
of  the  words  "  in  America."  He  evidently  does  not 
believe  in  errors  of  omission  as  well  as  errors  of  com- 
mission !  Mr.  Shaw's  revival  of  old  theories  regarding 
comets'  tails  is  never  likely  to  exercise  any  weighty 
influence  in  explaining  the  phenomena  recorded.  The 
l>ehaviour  and  occasional  positions  of  the  tails  of  comets 
would  certainly  suggest  that  they  are  not  due  to  the 
action  of  refractive  atmospheres  surrounding  the  nuclei. 
A  theory  to  commend  itself  must  agreeably  accord  with 
observed  facts,  and  will  neither  present  serious  dis- 
cordances with  them  nor  require  us  to  adopt  very 
improbable  assumptions. — The  Reviewee.] 


Astronomical. — The  important  pari  in  cosmieal  phe- 
nomena which  is  probably  [)layed  by  the  prcssim-  due  to 
radiation  is  receiving  considerable  attention  at  the  present 
time.  In  1873  Clerk  Maxwell  showed  that  if  light  be  au 
electro-magnetic  phenomenon,  the  absorption  or  reflection 
of  a  beam  of  light  should  produce  a  pressure,  and  he 


further  computed  the  amount  of  this  pressure.  A  year 
or  two  ago  Prof.  Lebeden,  of  Moscow,  convinced  himself 
of  the  existence  of  such  a  pressure,  and  found  from  his 
experiments  that,  within  the  limits  of  error,  its  amount 
was  equal  to  that  theoretically  arrived  at  by  Maxwell.  A 
more  complete  investigation  has  recently  been  made  by 
Professors  Nichols  and  Hull,  of  Dartmouth  College, 
U.S. A  ,  and  Maxwell's  conclusion  is  again  confirmed.  It 
appears  also  that  the  radiation  pressure  depends  only 
upon  the  intensity  of  the  radiation,  and  is  independent  of 
wave-length,  so  that  the  long  invisible  waves  are  as 
effective  in  producing  pressvire  as  are  the  visible  radia- 
tions. In  attempting  to  apply  this  result  to  cosmieal 
phenomena,  it  is  to  be  borne  in  mind  that  while  the 
gravitational  attraction  on  particles  varies  with  the  centre 
of  the  radius,  the  repulsion  due  to  radiation  varies  with 
the  square  of  the  radius,  so  that  the  ratio  of  repulsion  to 
attraction  will  increase  as  the  particles  diminish  in  size  ; 
but  a  limit  is  reached  when  the  particles  are  so  minute 
that  the  radiation  pressure  is  dispersed  through  diffraction 
phenomena.  For  this  reason  gases  and  vapours  are  not 
subjected  to  pressure  from  radiation,  and  the  maximum. 
ratio  of  radiation  pressure  to  gi-avitation  is  about  20  to  1. 
The  forms  of  comets'  tails  may  be  thus  satisfactorily 
accounted  for,  the  form  depending  on  the  size  or  density 
of  the  particles  repelled  from  the  head.  Professors  Nichols 
and  Hull  also  describe  an  experiment  for  illustrating  the 
formation  of  a  comet's  tail,  and  deal  very  fully  with  the 
whole  subject  in  the  June  number  of  the  Astrophysical 
Journal. — A.  F. 


Botanical. — The  last  number  of  the  Transactions  of 
the  Linnean  Society  consists  of  au  admirable  contribution 
to  our  knowledge  of  insular  floras  in  Mr.  T.  F.  Cheese- 
man's  "  Flora  of  Rarotonga."  Rarotonga  is  the  chief 
island  of  the  Cook  group,  situated  in  the  Eastern  Pacific, 
between  the  Tonga  and  Society  Islands.  Though  dis- 
covered iu  1821,  and  occupied  by  Europeans  ne<irlv  the 
whole  time  since,  scarcely  anything  has  hitherto  been 
published  on  its  flora.  The  present  paper  includes  an 
enumeration  of  the  plants  collected  by  the  author  during 
a  three  mouths'  visit,  made  at  the  most  suitable  time  of 
the  year  for  studying  the  vegetation  of  the  island.  It  is, 
therefore,  practically  a  complete  flora  of  the  Phanerogams 
and  Ferns.  Rarotonga  is  of  volcanic  origin,  and  is  about 
eight  miles  long  and  six  broad.  Near  the  sea  there  is  a 
level  tract  of  land,  varjdng  from  a  quarter  of  a  mile  to  a 
mile  in  width,  extending  all  round  the  island,  while  the 
centre  is  a  mass  of  rugged  mountains,  ranging  from  1575 
to  2250  feet  high.  Forests  aboimd,  but  the  herbaceous 
vegetation,  except  numerous  ferns,  is  scunty.  With  the 
inclusion  of  nearly  one  hundred  species,  which  have  with 
more  or  less  certainty  been  introduced,  the  flora  as  at 
present  known  consists  of  three  himdred  and  thirty-four 
vascular  plants,  of  which  no  less  than  sixty-seven  are 
ferns.  Eighteen  species  belonging  to  sixteen  natural 
orders  are  probably  endemic.  Pei'haps  the  most  remark- 
able ])lant  amongst  these  is  Fitchia  speciosa,  a  ne>v 
species  of  a  curious  genus  of  Composita;,  hitherto  known 
only  from  the  Society  Islands,  where  three  species  are 
found.  F.  upeciosa  is  common  on  all  the  mountains  of 
Rarotonga.  It  is  a  small  handsome  tree,  with  fine  glossy 
leaves  and  large  orange-red  flower-heads.  The  flora  of 
Rarotonga  resembles  most  closely  that  of  the  Society 
Islands,  having  one  huudred  and  sixty-seven  species  in 
common,  while  one  hundred  and  three  of  the  same  species 
are  also  found  iu  the  Tonga  group. — S.  A.  S. 

Zoological. — In  a  paper  recently  read  l>efore  the 
Linnean  Societv,  Mr.  B.  A.  Benslev  discusses  the  origin 
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and  classification  of  marsupials.  Too  much  emphasis,  he 
believes,  has  been  laid  on  the  character  of  the  dentition, 
and  foot-structure  is  regarded  as  a  surer  guide  for 
systematic  arrangement.  The  ancestral  forms  were 
probably  insectivorous ;  and  from  these  evolution  pro- 
ceeded on  two  lines,  one  culminating  in  the  herbivorous 
Ijangaroos,  and  the  other  in  the  carnivorous  Tasmanian 
devil. 

No.  475  of  the  Proceedings  of  the  Royal  Society  contains 
an  important  communication  by  Dr.  L.  Rogers  on  the 
action  of  the  poison  of  the  sea-snakes.  This  venom  is 
found  to  be  much  more  virulent  than  cobra-poison, 
especially  in  its  effects  on  fislies,  -which  form  the  food  of 
these  reptiles.  It  acts  by  paralysing  the  nerve-centres, 
and,  unlike  cobra-poison,  has  little  or  no  effect  on  the 
coagidating  property  of  the  blood.  In  the  symjitoms 
produced  it  is,  however,  very  similar  to  cobra-poison, 
whence  it  is  inferred  that  the  latter  also  causes  death  by 
acting  on  the  nervous  system. 

The  same  journal  also  contains  a  preliminary  account  of 
Miss  Bates'  discovery  in  the  superficial  deposits  of  Cyprus 
of  remains  of  ]>igmy  elephants  closely  allied  to  those  so 
long  known  from  Malta.  The  Cypriot  form  is  regarded 
as  a  distinct  species,  but  it  may  be  a  question  whether  it 
is  more  than  a  variety.  When  fossil  elephants  w-ere 
discovered  in  Malta,  it  was  a  practical  certainty  that  they 
would  turn  up  in  the  other  Mediterranean  islands,  if  only 
there  ivere  deposits  suitable  for  the  preservation  of  their 
remains. 

The  various  American  races  of  reindeer,  or  caribou,  are 
admirably  described  and  contrasted  in  an  article  contri- 
buted to  the  Seventh  Annual  Report  of  the  New  York 
Zoological  Society  by  Mr.  M.  Grant,  the  Secretary.  The 
author  is  of  opinion  that  all,  or  nearly  all,  of  the  existing 
Old  World  reindeer  are  allied  to  the  American  Barren 
Ground  caribou ;  but  since  antlers  resembling  those  of  the 
woodland  race  are  met  with  in  the  superficial  deposits  of 
S.  Europe  and  Asia,  it  is  considered  probable  that  the 
latter  animal  reached  America  from  Asia  by  way  of 
Bering  Strait. 

The  May  issue  of  the  Quarterly  Journal  of  the  Geological 
Society  contains  the  full  account  of  the  remains  of 
mastodons  and  sabre-toothed  tigers  recently  discovered  in 
a  Derbyshire  cave  of  Pliocene  age.  It  appears  that  this 
important  discovery  was  made  accidentally  by  a  schoolboy, 
who  picked  up  some  mastodon  teeth  among  the  debris  from 
a  (juarry  ;  unfortunately  many  other  teeth  were  buried 
deep  in  the  talus.  This  discovery  should  convince  those 
who  argue  that  the  Crag  mastodons  were  not  natives  of 
Britain  of  their  error. 

A  Indky  memoir  on  the  mummified  animals  of  ancient 
Egypt  appears  in  the  eighth  volume  of  the  Archives  of  the 
Museum  at  Lyons,  liy  Messrs.  Lortet  and  Gaillard.  An 
extraordinary  large  number  of  species — both  wild  and 
domesticated — have  been  identified  from  their  mummified 
bodies  ;  among  the  latter  being  the  bubal,  or  lesser  harte- 
beest  ( Bubalis  boselaphns),  and  the  ami,  or  North  African 
wild  sheep  {Ovis  lervia). 


The  Eaethquake  of  June  ISth. — Three  months  ago 
we  recorded  the  occurrence  on  March  24th  of  an  earth- 
quake in  the  west  of  Derbyshire,  strong  enough  to  cause 
some  slight  damage  to  buildings  and  to  disturb  an  area  of 
about  13,.")00  square  miles.  This  was  followed  on  June 
19th,  at  about  10.8  a.m.,  by  a  shock  which,  if  it  resulted 
in  no  loss  to  property,  affected  a  still  wider  area.  It  was 
felt  along  the  east  coast  of  Ireland  and  for  some  distance 
inland,  from  Wexford  to  several  miles  north  of  Dublin. 


In  the  southern  half  of  the  Isle  of  Man  it  was  distinctly 
perceptible,  and  was  at  once  recogni-sed  as  an  earthquake 
shock.  On  the  other  siile  of  the  Channel  the  disturbed 
area  includes  the  whole  of  North  Wales,  and  probably  the 
greater  part  of  the  principality,  although  no  records  are 
as  yet  forthcoming  from  the  counties  of  Pembroke  and 
Glamorgan.  In  England  the  shock  was  noticed  as  far 
east  as  Warrington  and  at  several  other  places  in  Lanca- 
shire. Thus,  even  if  we  exclude  isolated  records  from 
places  so  far  distant  as  Belfast  and  Kendal,  the  disturbed 
.Trea  can  hardly  have  been  less  than  220  miles  long  from 
north-east  to  south-west  and  170  miles  wide,  and  must 
have  contained  about  30,000  square  miles.  The  district 
most  strongly  shaken  was  a  band  embracing  the  west 
coast  of  Carnarvonshire  from  Nevin  to  between  Carnarvon 
and  Bangor,  and  the  centre  was  probably  not  far  from 
Clynnog.  though  whether  under  land  or  sea  it  is  at 
present  diffieult  to  say.  The  principal  shock  appears  to 
have  been  simple  in  character  and  of  unusual  duration. 
At  Birmingham  it  was  registered  very  clearly  by  a  hori- 
zontal pendulum  designed  by  the  distinguished  Japanese 
seismologist  Prof.  Omori.  The  last  earthquake  of  any 
consequence  originating  in  this  district  was  one  that 
occurred  on  November  9th,  1852,  and  disturbed  an  area 
of  about  70,000  square  miles,  including  parts  of  all  four 
kingdoms. 


JSntist)  C^rniti^olojSical  Notes. 

Conducted  by  Harry  F.  Witherby,  f.z.s.,  m.b.o.u. 

Black-winged  J'raHncole  CQlareola  melanopieraj  in  Kent. — At 
tlie  June  meeting  of  the  British  Ornithologists'  Chib,  Dr.  N.  F. 
Ticehuret  exhibited  a  male  specimen  of  this  Pratincole.  The  bird  was 
shot  by  Mr.  F.  Mills,  in  Romney  Marsh,  in  May  last.  This  species  of 
Pratincole  lias  not  been  recorded  before  from  the  British  Islands.  It 
differs  from  the  Collared  Pratincole  in  having  black  instead  of 
chestnut  under-iWng  coverts  and  axillaries. 

Collared  Pratincole  fOlareola  pratincola)  in  Kent. — At  the  same 
meeting,  Dr.  Ticehurst  exhibited  a  male  specimen  of  this  Pratincole, 
whicli  had  been  shot  very  near  the  same  place  as  the  above,  on  May 
30tli,  by  Mr.  Southerden.  This  bird  breeds  commonly  in  southern 
Europe  and  North  Africa,  and  occurs  now  and  again  in  Great  Britain, 
but  it  has  not  been  recorded  before  for  Kent. 

Blue-headed  Wagtail  ('Motaeilta  flaoaj  hreeding  in  Sussex. — In 
1901,  Jlr.  Ruskin  Butterfield  recorded  that  a  pair  of  these  birds  had 
nested  in  Sussex  {see  Kxowlkdge,  1901,  p.  281).  At  the  June 
meeting  of  the  British  Ornithologists'  Club,  Dr.  Ticehurst  exhibited 
a  nest  and  eggs  of  this  species,  taken  on  May  21st  last,  within  twenty 
yards  of  the  spot  where  the  1901  nest  was  taken.  With  these  two 
records,  and  the  evidence  of  a  regular  migration  of  these  birds  on  the 
coasts  of  Kent  and  Sussex  {see  Knowledge,  January,  1903,  p.  12), 
the  Blue-headed  Wagtail  has  become  more  than  a  chance  visitor  to 
our  shores. 

White  Wagtail  in  the  West  of  Ireland. — The  White  Wagtail  has 
been  observed  to  visit  Co.  Mayo  in  the  month  of  May  for  six  years  in 
succession,  and  a  further  proof  of  the  migration  of  this  species  up  the 
west  coast  of  Ireland  is  afforded  by  Mr.  R.  M.  Barrington,  who  now 
records  the  presence  of  these  birds  on  the  coast  of  Donegal  last  May. 

J^arly  Arrival  of  Swallows  in  Ireland.  {Irish  Naturalist,  1903, 
July,  p.  198.) — Mr.  R.  J.  Ussher  remarks  that  Swallows  are  seldom 
observed  in  Ireland  before  April,  but  that  this  year  they  appeared 
over  a  wide  area  in  March. 

Woodchat  Shrike  in  Yorkshire.  {The  Naturalist,  1903,  July, 
p.  262.)  ^Mr.  C  G.  Danford  records  that  he  saw  a  Wocxlchat  Shrike 
on  May  9th  at  Speeton.     The  Woodchat  rarely  visits  England. 

ITaicflnch  in  North  Dumfriesshire.  {Annals  Scot.  Nat.  Bist., 
1903,  July,  p.  181.) — An  adult  male  Hawfinch  was  picked  up  dead 
near  Kinnelhead  on  April  6th  last.     The  bird  is  rare  in  Scotland. 

Qreif-headed  Wagtail  (Motacilla  viridis,  Gmel^  in  Yorkshire 
and  in  Sussejc. — At  the  May  meeting  of  the  British  Ornithologists' 
Club,  three  adult  male  specimens  of  this  Wagtail  were  exhibited. 
One  was  caught  in  a  lark  net  at  IlaUfai,  Yorkshire,  in  the  spring  of 
1901, and  was  exhibited  by  Mr.  W.  E.  de  Winton  on  behalf  of  Mr.  W. 
Eagle  Clarke.     The  two  other  specimens  were  shot  near  Willingdon, 
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Sussex,  on  May  13th  lust,  and  were  exhibited  by  Mr.  Riiskin  ButterGeld. 
This  Wagtail,  which  is  also  known  under  the  name  of  M.  boreatis, 
Sundev.,i8  much  like  M.  /lava,  but  has  the  head  blackish-i;rey  instead 
of  ashy-blue.  The  Grey-lieaded  Wagtail  breeds  in  northern  Europe 
and  Siberia,  and  migrates  to  South  Africa  and  India.  Two  specimens 
are  said  to  have  occurred  at  Penzance,  but  the  above  are  the  first 
authenticated  records  of  its  occurrence  in  the  Britisli  Islands. 
Judging  by  its  distribution,  one  would  have  expected  this  Wagtail  to 
have  occurred  more  often  on  our  eastern  seaboard. 

Black-headed  Waylail  CMulacilla  felilegcti,  MichahJ  in  Sussex. — 
At  the  same  time  and  place  as  the  two  Sussex  specimens  of  M. 
viridis  were  obtained,  an  adult  male  of  M.  feldegyi,  Michah,  or 
M.  melanocephala,  Licht.,  was  shot.  Tliis  Wagtail  has  a  black  head, 
and  is  altogether  a  darker  and  more  richly  coloured  bird  than 
M.  viridis.  It  also  winters  in  Africa  and  India,  but  its  summer 
haunts  are  in  south-eastern  Europe,  Persia,  and  Central  Asia,  so  that 
it  can  never  be  regarded  as  anything  more  than  a  straggler  to  these 
islands. 

All  contributions  to  the  column,  either  in  the  way  of  notes 
or  photograplts,  should  be  forwarded  to  Harry  P.  Witherby, 
at  the  OJice  of  Knowledge,  3'2<5,  High  Holhorn,  London. 


j^oticts  of  ISoofts. 

"The  Soil:  An  Introduction  to  tub  Scientific  Study 
OF  THE  Growth  of  Crops."  By  A.  D.  Hall.  Pp.  xiii.  and 
286.  (Murray.)  Illustrated.  3s.  Gd. — Agriculture  iu  England 
is  usually  practice  without  science  ;  and  agricultural  soieuoe,  on  the 
other  hand,  often  neglects  the  results  obtained  by  generations 
of  farmers  in  their  fields.  Mr.  Hall,  we  are  glad  to  notice, 
recognises  the  value  of  the  accumulated  experience  of  the 
farming  community,  yet  he  shows  that  the  study  of  the  soil  as 
a  complicated  laboratory  in  which  chemical,  physical  and 
biological  agents  are  at  work,  is  the  only  sure  means  by  which 
tillage  operations  can  be  improved.  "  But,"  he  remarks,  "  it 
must  not  be  supposed  that  science  is  yet  in  a  position  to  reform 
the  procedure  of  farming,  or  even  to  effect  an  immediate 
increase  in  the  productivity  of  the  land  ;  agriculture  is  the 
oldest  and  most  widespread  art  the  world  has  known,  the  appli- 
cation of  scientific  method  to  it  is  very  much  an  affair  of  the 
day  before  yesterday."  This  is  the  opinion  to  which  every 
man  of  science  who  knows  anything  of  farmers  and  farming  is 
bound  to  be  led.  Mr.  Hall's  book  may  only  be  read  by  a  few 
])eople  engaged  in  agriculture,  but  it  is  one  which  every  student 
in  an  agricultural  college  should  be  expected  to  buy.  We  know 
of  no  volume  in  which  the  constitution  and  work  of  the  soil  are 
dealt  with  so  instructively,  for  though  Warington's  "  Physical 
Properties  of  Soil"  is  a  standard  treatise,  its  scope  is  not  so 
wide  as  that  of  the  volume  under  notice.  Mr.  Hall  is  indeed 
to  be  congratulated  upon  his  book,  which  contains  many 
original  observations,  and  is  in  other  respects  a  noteworthy 
addition  to  the  literature  of  agricultural  science.  We  miss, 
however,  reference  to  Schlichter's  memoir  on  the  motion  of 
underground  waters,  though  it  contains  the  results  of  important 
investigations  connected  with  sewage  in  soils. 

"Chemical  Technology."  Vol.  IV.  Edited  by  W.  J. 
Dibdin.  "  Electric  Lighting,"  by  A.  G.  Cooke.  "  Photometry," 
by  W.  J.  Dibdin.  Pp.  xviii.  and  ;{78.  (J.  &  A.  Churchill.) 
Illustrated.  'iOs. — One  hundred  pages  of  this  book  deal  with 
photometry, and  in  the  remainder  the  various  systems,  machinery, 
lamps,  iSic,  in  use  for  tlie  supply  of  electric  lighting  are 
descriljcd.  The  book  is  not  intended  for  students  of  physics, 
or  for  electrical  engineers,  but  for  architects,  civil  and 
mechanical  engineers,  and  other  professional  men  who 
wish  to  obtain  a  general  idea  of  the  practical  side  of 
the  subject.  Principles  are  therefore  not  given  so  much  atten- 
tion as  their  applications.  At  the  same  time,  sulHcient  con- 
sideration is  given  to  scientific  theory  to  enable  an  intelligent 
view  to  bo  obtained  of  the  construction  and  working  of  electrical 
machinery,  the  distribution  of  current,  and  the  determination 
of  candle  power.  The  conditions  under  which  commercial  work 
is  carried  on  differ  from  tho.se  of  the  laboratory,  and  the  fact 
that  Board  of  Trade  regulations  are  introduced  wherever  they 
bear  upon  the  matter  described  helps  to  make  the  book  of  real 
practical  value.  Of  cour.so,  it  is  impossible  to  obtain  an  intimate 
acquaintance  with  dynamos,  storage  batteries,  electric  lamps, 
photometers,  and   the  like,  without  actually  using   them  ;  but 


anyone  who  has  had  the  opportunity  of  studying  electrical 
plant  of  any  kind  should  have  no  difficulty  in  understanding  all 
that  the  book  contains.  Photometry,  as  might  be  expected,  is 
very  well  treated,  practically  every  instrnment  of  importance 
being  described.  An  appendix  giving  the  "  Metropolitan  Gas 
Referees'  notification  of  method  for  testing  the  gas  supplied 
to  London  "  is  of  special  interest  in  connection  with  the  com- 
petition between  gas  and  electric  lighting. 

"  Exi'ERiMENTS  ON  Animals."  By  Stephen  Paget.  Withan 
Introduction  by  Lord  Lister.  Pp.  xvi.  and  387.  (Murray.) 
Price  Gs. — This  book  should  do  a  vast  amount  of  good.  In  its 
original  form  it  contained  many  references  to  misleading  com- 
ments made  by  anti-vivisection  societies,  but  these  have  been 
omitted,  and  the  book  is  now  a  calm  statement  of  progress  in 
medical  science,  more  particularly  preventive  medicine,  from 
Galen  to  the  present  day.  Galen,  who  lived  in  the  second 
century,  made  many  valuable  observations  by  experiments  on 
animals,  but  the  methods  followed  by  him  were  not  continued 
by  his  successors,  and  though  the  knowledge  of  anatomy  made' 
progre.ss,  physiology  remained  as  Galen  left  it  until  the  time  of 
Harvey's  discovery  of  the  circulation  of  the  blood  in  IG'28. 
After  this  came  the  discovery  of  the  lacteals  and  of  the  whole 
lymphatic  system,  exjierimental  studies  of  the  digestive  pro- 
cesses, the  production  of  bone,  and  the  physiology  of  the  nervous 
system.  'The  first  part  of  Mr.  Paget's  book  is  occupied  with 
the  record  of  these  advances.  In  the  second  part,  experiments 
in  pathology,  materia  medica  and  therapeutics  are  described, 
and  the  third  part  contains  a  reprint  of  the  Act  relating  to 
experiments  on  animals  in  Great  Britain  and  Ireland.  Modern 
medical  sciences  may  almost  be  said  to  be  confined  to  the  second 
part.  Here  we  have  clear  and  convincing  summaries  of  the 
work  of  benefactors  of  the  human  race  like  Pasteur  and  Lister, 
and  readers  who  are  not  familiar  with  the  progress  of 
preventive  medicine  during  the  last  fifty  years  will  when  they 
have  learnt  what  has  been  done,  bless  the  men  whose  work, 
often  carried  on  against  bitter  opposition,  has  enabled  us  to 
fight  disease  intelligently.  Consider  what  has  been  done  to 
])revent  and  combat  septiciemia,  pyemia,  anthrax,  diphtheria, 
rabies,  malaria  and  yellow  fever  during  the  last  fifty  years,  and 
you  will  obtain  a  slight  idea  of  the  benefits  which  mankind  has 
received  from  experimental  methods  in  medicine.  Want  of 
knowledge  of  what  has  been  done  is  responsible  for  much  of 
the  opposition  to  the  experiments  by  which  the  results  have 
been  obtained.  With  Mr.  Paget's  clear  and  judicious  state- 
ment available,  there  should  be  no  excuse  for  ignorance,  and  no 
want  of  an  answer  to  those  who  ask  for  evidence  of  the  value 
of  experimental  medicine. 

"Variation  in  Animals  and  Plants.''  By  Dr.  H.  M. 
Vernon.  Pp.  ix.  and  415.  (Kegan  Paul.)  Illustrated.  5s.— 
Natural  history  is  becoming  a  branch  of  mathematics,  and  what- 
ever field  naturalists  may  think  of  the  development,  there  Kin 
be  no  question  of  the  substantial  nature  of  the  results  obtained 
in  the  new  department  of  scientific  inquiry.  Francis  Galton, 
Karl  Pearson,  Weldon,  and  others,  have  laboriously  counted, 
weighed,  and  measured  animals  and  plants  of  various  kinds  with 
the  view  of  discovering  the  character  and  cause  of  variation  ; 
and  an  energetic  school  of  biologists — Dr.  Vernon  among  them — 
has  been  established  in  which  their  methods  have  been  followed 
with  success.  In  the  volume  under  notice,  the  jirinciples  and 
results  of  bio-metric  investigations  are  brought  together,  and 
their  significance  from  the  point  of  view  of  organic  evolution  is 
discussed.  As  an  instance  of  the  nature  of  the  material  thus 
studied.  Prof.  Bumpas's  paper  on  the  effect  of  storm  on  sparrows 
may  be  mentioned.  One  hundred  and  thirty-six  sparrows  were 
collected  after  a  very  severe  storm  of  snow,  rain,  and  sleet  in 
North  America,  and  of  these  72  revived,  while  04  perished. 
Measurements  of  each  sparrow  were  made  with  the  view  of 
determining  differences  in  the  characters  between  the  eliminated 
individuals  and  the  survivors.  The  results  showed  clearly  that 
the  birds  which  departed  most  from  the  normal  ty])c  were 
destroyed  by  the  process  of  natural  selection.  Summing  up  the 
observations,  Dr.  Vernon  remarks,  "  The  ue.xt  generation  of 
birds  collected  in  the  storm-swept  area  would  accordingly  be 
shorter  in  length,  weigh  less,  have  longer  legs,  have  a  longer 
sternum,  and  a  greater  brain  capacity  than  the  former  generation  ; 
supposing,  of  coin-se,  that  the  variations  existing  in  these 
charactors  were  partly  of  blastogenic,  and  not  wholly  of  somato- 
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genie,  origin  ;  and  tbis  could  scarcely  fail  to  be  tbe  case."  An 
immense  amount  of  materi:il  wbicb  lends  itself  to  exact  analysis 
in  tbis  way  is  contained  in  Dr.  Vernon's  book,  and  it  all  tends 
to  promote  tbe  scientific  study  of  variation.  Tbe  volume  is  a 
most  valuable  contribution  to  tbe  literature  of  natural  science. 

"Geometrical  Optics."  By  Thomas  H.  Blakesley.  Pp.  vii. 
and  12:5.  (London  :  Whittaker  &  Co.  ]9o:i.)  2s.  6d.  net. 
Illustrated. — Students  of  optics  will  find  many  instructive  and 
original  ideas  in  this  book,  though  tbe  prime  object  of  its  publi- 
cation appears  to  be  a  protest  against  the  definition  of  focal 
length  usually  accepted.  The  focal  length  of  a  lens  is  defined 
in  many  books  on  optics  as  the  distance  of  tbe  principal  focus 
from  tbe  posterior  surface  of  tbe  lens,  but  this  definition  is 
unsatisfactory,  and  Mr.  Blakesley  fathers  ujion  it  many  imper- 
fections of  optical  instruction,  design,  and  testing.  Lenses 
which  have  a  negative  value  for  their  focal  length  are  considered 
in  general  as  convex  lenses,  while  those  which  have  positive 
focal  lengths  are  regarded  as  concave  ;  but  these  terms  are 
.shown  to  be  illogical  because  "  a  double  convex  lens  of  equal 
curvatures,  if  sufficiently  thick,  will  have  a  positive  value  for  its 
focal  length  with  tbe  general  properties  of  a  concave  lens.''  By 
measuring  distances  of  object  and  image  from  the  first  and  second 
])iincipal  foci  instead  of  tbe  principal  points,  difficulties  are 
avoided;  and  simple  mathematical  forms  are  developed  which  are 
true  not  only  for  a  simple  lens,  but  also  for  two  or  any  number 
of  lenses  having  a  common  axis.  Novel  optical  experiments  are 
described  for  determining  tbe  positions  of  the  principal  foci  and 
the  focal  length,  and  formulie  are  given,  which,  with  a  know- 
ledge of  the  thickness  of  the  lens,  enable  all  the  remaining 
structural  details  to  be  found,  namely,  the  two  radii  of  curva- 
ture and  the  index  of  refraction.  The  book  should  be  tbe 
means  of  increasing  the  precision  with  which  optical  details  are 
measured  and  expressed. 

"Natural  Law  in  Terrestrial  Phexomexa  :  A  Becord 
OF  Evidence.''  By  William  Digby,  c.e.  Pp.  xlv.  and  370. 
(London  :  W.  Hutchinson  &  Co.)  Illustrated. — No  useful 
purpose  would  be  served  by  a  detailed  criticism  of  this  book, 
so  we  will  briefly  describe  the  chief  points  put  forward,  for 
whatever  we  might  say  concerning  the  theories  described  would 
be  regarded  as  opposition  which  traditional  schools  of  scientific 
thought  present  to  novel  ideas  from  laymen.  The  book  contains 
a  detailed  statement  of  Mr.  Hugh  Clements's  theories  and  pre- 
dictions relating  to  weather  and  other  terrestrial  phenomena. 
"  I  believe,"  says  Mr.  Digby,  "  that  the  succeeding  pages  of  this 
book  prove  that  the  moon's  attractive  influence  exerted  upon 
the  earth's  atmosphere,  in  conjunction  with  the  sun,  accounts, 
in  the  main,  for  all  weather  phenomena."  For  particular 
positions  of  the  moon  and  sun  jointly,  certain  conditions  of 
weather  are  prescribed,  so  that  weather  prediction  becomes  an 
easy  form  of  study  of  orbital  movements.  To  avoid  misrepre- 
sentation we  quote  from  the  formula  upon  which  Mr.  Clements 
bases  his  forecasts.  "  Thus  it  follows  that  barometric  pressure, 
increase  or  diminution  of  clouds,  much  or  little  sunshine,  an 
overplus,  an  average,  or  a  scanty  supjily  of  rain,  earthquake- 
shocks,  volcanic  eruptions,  will  ail  occur  in  time  to  come  as  they 
did  in  times  past,  so  long  as,  in  the  case  of  shocks  and  eruptions, 
weak  spots  remain  in  the  earth's  crust."  It  would  be  easy  to 
offer  objections  to  many  parts  of  the  argument  upon  which 
this  conclusion  is  based,  but  we  will  confine  ourselves  to  one 
point.  It  is  that  human  interference  is  a  factor  which  makes 
it  impossible  to  reduce  weather  prediction  to  tbe  mechanical 
conditions  described.  A  man  drops  a  lighted  match  on  a  dry 
])rairie,  or  leaves  the  smouldering  embers  of  a  fire  in  a  forest. 
A  great  conflagration  occurs  which  may  disturb  the  atmospheric 
currents  for  hundreds  of  miles.  It  is  imjiossible  for  Mr. 
Clements  or  any  other  meteorologist  to  predict  the  effects  of 
this  and  similar  disturbing  causes.  But  Mr.  Clements  may  rest 
assured  that  if  his  theories  are  true  they  will  survive  scientific 
opinion  ;  if,  however,  as  we  think,  they  are  unsound,  they  will 
eventually  be  relegated  to  the  limbo  of  the  paradoxers. 

"  Volcanic  Studies  in  Many  Lands."  By  Tempest 
Anderson,  M.D.,  F.G.S.,  etc.  (Murray.)  21s.  net. — Dr.  Anderson 
is  so  well  known  as  a  photographer  of  and  student  of  volcanic 
forms  that  this  handsome  book  cannot  fail  to  meet  with  a 
hearty  welcome.  Readers  of  Geikie's  "  Ancient  Volcanoes  of 
Great  Britain"  and  of  Bonney's  "Volcanoes"  are  already 
familiar  with  his  work,  and,  through  Dr.  Anderson's  courtesy. 


we  were  enabled  to  reproduce  two  of  his  recent  photogi'aphs  of 
Mont  Pelre  in  Knowi.eix^e  for  last  November.  The  iiresent 
volume  is  the  result  of  expeditions  made  during  the  last  eighteen 
years  to  Vesuvius  and  Etna,  tbe  Eifel  and  the  Auvergne,  the 
Lipari  Islands,  the  Canary  I.slauds,  Iceland,  and  the  West  Indies, 
as  well  as  to  various  regions  in  Britain  and  North  America,  in 
which  volcanic  action  has  for  long  ages  been  extinct.  It  con- 
tains more  than  a  hundred  plates,  each  accompanied  by  a  short 
description.  The  photographs  from  Iceland,  Rhenish  Prussia, 
and  St.  Vincent  are,  perhaps,  of  exceptional  interest  ;  but  the 
whole  series  is  unrivalled  in  the  illustrations  it  affords  of  the 
various  details  of  volcanic  structure. 

"  Tsi.MSHiAN  Texts." — From  the  Smithsonian  Institute  we 
have  received  a  copy  of  a  volume  (No.  XXVII.),  of  the  Bulletin 
of  the  Bureau  of  American  Ethnology,  devoted  to  the  elucida- 
tion of  the  so-called  Tsimshian  Texts,  by  Mr.  F.  Boas.  Although 
the  transcript  of  these  texts  is  doubtless  of  much  interest 
and  importance  to  the  students  of  folk-lore,  it  is  not  of  a  nature 
to  attract  the  majority  of  our  readers.  We  must  therefore  pass 
over  the  volume  with  this  bare  mention. 
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THE    STRUGGLE    FOR    EXISTENCE    IN 
SOCIOLOGY. 

By    J.    Collier. 
II. 

The  Marital  Struggle. 
At  a  date  lieyond  the  oldest  history,  for  we  find  traces  of 
the  division  in  all  but  the  lowest  peoples,  the  "  order  "  of 
the  family  split  into  two  great  genera,  which  MacLeunan 
liajipilv  named  endogamy  and  exogamy,  or  marriage 
within  the  clan  (not  the  tribe)  and  marriage  without  the 
clan.  The  struggle  between  the  two  is  the  tragedy  of 
barbaric  races.  It  leads  incessantly  to  wa.r  among  them, 
as  it  led  to  war  in  ancient  Troy,  and  as  it  has  led  to  war 
in  modern  Morocco  within  the  last  few  years.  All  through 
the  European  Middle  Ages  the  two  forms  bittled  against 
one  another.  The  Greek  Church  upheld,  and  still  iij^holds 
endogamy,  by  permitting  marriage  between  uncles  and 
nieces.  The  Catholic  Church  ensured  the  victory  of 
exogamy  in  Western  Europe  by  refusing  pennission  to 
Tnarry  wherever  the  most  distant  relationship  could  be 
traced  between  the  parties.  Some  of  the  most  question- 
able acts  of  the  Papacy  were  done  in  avowed  defence  of 
the  principle,  and  the  most  frivolous  pretexts  were  accepted 
for  dissolving  marriages  of  royal  persons  between  whom 
some  relationship  was  alleged.  Yet  it  has  more  than  once 
yielded  to  endogamy  by  celebrating  the  marriages  of 
imcles  and  nieces,  as  not  long  ago  of  an  Italian  royal  duke 
and  his  niece. 

Under  Protestantism,  which  breaks  down  many  barriers, 
endogamy  has  recovered  some  of  its  lost  ground.  Cousins 
may  lawfully  intermarry,  though  the  scientific  battle  rages 
round  the  point  of  prudence.  Still,  a  wholesome  exogamy 
remains  everywhere  the  conquering  type,  and  in  our  own 
days  it  has  received  a  new  extension  through  the  marriages 
of  the  daughters  of  American  millionaires  to  European 
noblemen.  Endogamy  survives  or  survived  in  spots  or 
spheres  removed  from  the  action  of  natural  selection ;  in 
out-of-the-way  villages,  in  fishing  and  mining  quarters  of 
towns,  and  on  thrones,  as  on  those  of  the  Ptolemies  and 
the  Braganza. 

Exercising  the  privileges  of  an  Englishwoman  in  the 
middle  of  the  eighteenth  century,  Lady  Mary  Wortley 
Montague  gained  access  to  the  harems  of  Constantinople, 
and  let  in  the  light  of  day  upon  Oriental  wedlock. 
A  century  later  the  Princess  Belgiojoso  revealed  the 
mingled  squalor  and  animalism  of  the  Anatolian  harem. 
A  few  years  ago  a  French  cosmopolite,  C.  de  Varigny, 
described  courtship,  marriage,  and  divorce  in  the  United 
States  as  an  authroj>ologist  might  describe  the  manners 
and  customs  of  a  strange  people.  Those  are  the  two 
extreme  forms  of  the  marital  relationship  ;  is  it  credible 
that  there  can  be  any  genetic  connection  between  them  ? 
Yes,  the  one  is  the  remote  ancestor  of  the  other,  and 
between  the  two — between  incestuous  polygamy,  as  lately 
practised  in  Salt  Lake  City,  and  the  purest  monogamy,  as 
observed  in  neighbouring  Denvei" — there  is  an  unbroken 
chain  of  descent,  ot  which  almost  every  link  can  be  dis- 
covered. Indeed,  most  of  the  intermediate  species  and  varie- 
ties are  our  coutcmporarii's,  and  an  inclined  ]ilane  would 
let  the  sociologist  easily  down  from  IJostun  tn  Bassorah. 

Thus,  the  llDsnian  ftlussulma.n,  who  is  piu'c  Sclave, 
has  yet  his  separated  harem,  where  his  one  wife  lives 
sequestered.  The  Q-reek  woman  is  still  rarely  seen  ou  the 
streets  ;  CDUiuiercc  is  hampered  because  she  iMunot  become 
a  slio[)-a,ssistuiit ;  the  harem  has  disaiipcarcd.  but  the 
husWand's  Oriental  jealousy  remains.  Tlie  status  of  the 
upper-class  Spanish  woman  is  stamped  with  Orientalism, 
though  the  cigar  factories  at  Seville  are  tilled  \vith  girls 
and  women.    French  marriage  reveals  its  barbarous  origin 


in  the  universal  dowry,  the  requisite  consent  of  the  parents, 
and  their  choice  of  the  bride.  The  English  mfe  is,  in  the 
middle  and  upper  classes,  almost  her  husband's  pqual. 
The  Australian  and  New  Zealand  TOfa^  w4i>TitS^a  vote  for 
Licensing  Committee,  County  ?5ouncil,.Stiite,  and  Common-, 
wealth,  has  the  equality  and  something  more  tliat  (Jeriyes* 
from  a  time  (only  non^^.ntvsmng-.^awa  v  i  when  h^r  suialj," 
numbers   permitted  heHTe'i^kfe    Ik  us.'    The 

North  American  wife   is   a  qu_e.eu,  v. ..  l4|q|i»-ous 

laws  are  converting  into  a  sultBJife.''^^-''"^"' 

AU  these  varieties  and  species  are  constantly  (in  a  sense) 
at  war  with  one  another.  Thus  (to  take  a  present-day 
instance),  the  controversy  between  the  Bishop  of  London 
and  his  Chancellor  represents  the  struggle  between  the 
sacred  and  the  secular  types  of  marriage.  When  the 
Bishop  of  London  announces  that  he  will  visit  no  church 
where  divorcees  are  remarried,  he  commits  an  act  of  war 
against  the  type  of  marriage  legalised  by  the  State. 
(Jreat  part  of  the  Anglican  clergy,  both  in  England  and 
the  colonies,  is  thus  at  war  with  the  State. 

In  the  United  States,  the  struggle  among  the  many 
varieties  is  reflected  in  the  legislation  of  the  States.  The 
prosperity  of  a  State  depending  on  the  increase  of  its 
population,  and  emigrants  having  usually  an  independence 
of  character  that  will  brook  few  restraints,  each  State  seeks 
to  attract  settlers  by  abolishing  formalities,  simplif_\-ing  all 
social  acts,  and  especially  by  facilitating  both  marriage 
and  divorce.  Hence  a  conflict  of  laws  extending  over  the 
entu-e  territory  of  the  Union.  According  to  the  Stale  he 
resides  in,  a  man  is  married  to  a  woman  or  divorced  from 
her,  married  to  a  woman  or  never  married  to  her  at  all. 
In  virtue  of  the  practice  of  "  limited  divorce,"  a  woman 
may  be  receiving  ahmentary  allowances  from  two  or  three 
former  husbands,  while  she  is  living  ^vitha  third  or  fourth. 
The  way  in  which  a  man,  without  his  intention  and  by 
some  innocent  act,  becomes,  in  Persia,  the  legal  husband 
of  a  woman,  is  a  subject  for  comedy,  in  certain  American 
States  it  may  be  matter  of  tragedy,  and  in  any  case  it  is 
part  of  the  written  law. 

A  new  species  of  marriage  comes  in  like  a  new  species  oE 
plants  or  animals.  A  high  authority,  the  late  Lewis 
Morgan,  who  naturalized  himself  as  an  Iroquois  in  order 
to  study  the  development  of  the  Indian  family,  believed 
that  the  passage  from  one  domestic  type  to  another  was 
effected  by  means  of  a  "  refonnatory  movement."  The 
most  normal  evolution  is  never  quite  regular ;  even  the 
growth  of  a  language  takes  place  by  ilisruptious  and 
bi-eaches  of  continuity,  and  the  history  of  the  family 
reveals  many  a  struggle.  But  if  it  is  implied  that,  once 
upon  a  time,  some  one  individual  or  some  group,  perceiving 
the  disadvantages  of  the  old  and  the  advantage  of  a  new 
type  of  marriage,  deliberately  introduced  a  new  system, 
the  view  must  be  pronounced  anti-evolutionaiy.  A  modern 
instance  is  typical.  The  first  man  who  married  his  deceased 
wife's  sister  was  the  progenitor  of  a  new  variety.  A  few 
slowlv  fi>llowed  his  example.  The  old  type  showed  fight 
hv  inflicting  on  them  a  social  ban  so  severe  that  many 
women  refused  to  marry  their  deceased  sister's  husband. 
As  the  numbers  of  the  innovators  grew,  they  gained 
friends,  and  a  Bill  was  introduced  into  Parliament.  After 
a  succession  of  battles  it  was  carried  in  the  Commons ; 
had  it  been  carried  in  the  Lords,  the  new  variety  would 
have  conquered,  and  such  marriages  would  have  become 
numerous.  In  the  British  Colonies,  where  the  forces  of 
resistance  are  far  fi-ebler,  the  struggle  was  brief,  and  the 
old  type  was  defeated  along  great  part  of  the  Une ;  though 
Anglican  and  Catholic  priests  may  for  a  time  refuse  to 
recognize  it  by  refusing  to  celebrate  such  marriages.  It  is 
the  history  in  a  nutshell  of  the  rise  of  polyandry,  polyg-ainy, 
and  monogamv. 
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The   Agrarian   Struggle. 

In  mauy  countries  the  tenure  of  laud  lias  beeu  the 
theatre  of  a  conflict.  It  would  be  interesting  to  follow, 
for  examjile,  the  vicissitudes  of  the  luttle  in  France  diu-ing 
the  uiuctccuth  century  lietweeu  iiii'tayntjf  ;inj  ftrinaije,  or 
of  that  other  battle  Ijetweeu  large  estates  and  peasant  pro- 
perties ;  but  either  topic  would  lead  us  too  far  afield.  A 
more  manageable  subject,  of  more  pressing  interest  and 
susceptibile  of  exact  statement,  invites  attention. 

By  the  right  of  eminent  domain,  by  purchase  or  con- 
fiscation, the  Government  of  a  new  colony  acquires  the 
fee-simple  of  whole  territories.  How  shall  it  dispose  of 
them  to  eager  settlers  ?  It  sells  them  to  those  rich  enough 
to  buy,  but  many  eligible  farmers  lack  suificient  means. 
Then  springs  up  in  rapid  succession  a  variety  of  tenures 
whose  primary  object  is  to  facilitate  settlement.  Tliat  the 
struggle  for  existence  among  sociological  species  arises 
from  the  same  cause  as  the  struggle  among  biological 
species — the  number  of  forms  competing  in  the  same  area 
— appears  from  the  fact  that,  if  New  South  Wales  has 
flowered  into  sixteen  varieties  of  land  tenure.  New  Zealand 
luxuriates  in  nineteen.  The  experimentation  took  on  a 
new  character  after  the  advent  of  Henry  George.  From 
that  moment  the  disposition  was  to  retain  the  ownership 
in  the  hands  of  the  State,  lightly  burdening  the  tenant 
with  a  quit  rent.  The  perpetual  lease  was  the  first  new 
tenure.  Perpetuity  might  seem  to  promise  as  great  a 
duration  as  a  farmer  could  wish,  but  the  New  Zealand 
land  reformer  (the  Highland  shepherd  boy  who  lately  died 
Sir  John  Mackenzie)  stole  a  march  on  time  and  invented 
the  eternal — which  its  opponents  nicknamed  the  infernal 
— lease,  or  lease  in  perpetuity.  The  new  school  holds  that 
the  Cosmos  is  finite,  and  an  eternal  lease  lasts  for  only  999 
years.  Thus,  granting  fixity  of  tenure,  and  carrying  with 
it  the  power  of  sale,  sublease,  mortgage,  or  disposition  by 
will,  it  is  practically  equal  to  freehold.  On  the  other  hand, 
a  low  rental  of  4  per  cent,  on  the  assessed  capital  value 
retains  the  property  for  the  benefit  of  the  State,  while  a 
land  tax  secures  for  it  the  "  unearned  increment."  A 
tenui'e  with  all  these  advantages  would  seem  destined  to 
]>revail.  Other  tenures  are  accordingly  being  abandoned 
in  favour  of  the  lease-in-perpetuity.  Thus,  to  take  a 
single  instance,  in  the  province  of  Otago  perpetual  leases 
decreased  in  1900-01  from  301  to  286,  and  the  area  held 
from  58,538  acres  to  55,510  acres.  The  reduction  arose 
from  conversion  into  leases-iu-perpetuity  or  into  freehold. 
For  settlers  are  manifesting  an  immistakable  bias  in 
favour  of  individual  ownership.  So  recently  as  September 
last  a  motion  was  made  in  the  House  of  Representatives 
authorizing  the  conversion  of  leases-in-perpetuity  into  free- 
holds. The  Minister  of  Lands  strenuously  resisted  the 
proposal ;  but  the  movement  shows  the  tendency  of  this 
brand-new  tenure  to  lapse,  like  the  older  forms,  into  free- 
hold. Other  evidence  is  to  the  same  effect.  During  the 
year  named  195  holders  of  the  old  perpetual  leases  con- 
verted  their  leaseholds  into  freehold ;  aud  the  provincial 
Commissioners  testify  to  the  growing  popularity  of  the 
optional  lease  systems.  Thus,  in  Taranaki,  the  oecupation- 
with-right-of-purchase  tenure  assumes  the  lead  against 
lease-in-per|ietuity  by  39  selectors.  It  is  safe  to  predict 
that,  within  a  measurable  space  of  time,  all  tenures  will 
have  disappeared,  and  freehold  will  reign  alone. 

Such  are  the  relations  among  sociological  sjjeeies  which 
the  property  of  language,  or  the  dominance  of  a  particular 
mode  of  thought,  obliges  us  to  name  by  terms  softened 
from  those  descriptive  of  a  bodily  encounter.  But  there  is 
no  actual  struggle  among  such  species,  any  more  than  there 
are  mortal  wounds  or  rivers  of  blood.  Endogamy  may  be 
said  to  die  at  the  hands  of  exogamy,  and  State-tenure  at 


the  hands  of  freehold,  but  only  l>y  a  questionable  extension 
of  a  convenient  metaplmr.  Mr.  Spencer's  felicitous  phrase, 
which  even  the  univcrsul  learningof  l^r.  (.Jarii<-tt  attriliutes 
to  Darwin,  more  truly  describes  the  result,  without  always 
satisfactorily  describing  the  process.  It  is,  indeed,  the 
fittest  that  survive,  l)ut  the  laws  of  adaptation  remain  to 
be  generalized.  The  world  is  not  a  battlefield.  Some  great 
new  thinker  will  supply  us  with  a  new  nonifuclature,  or  will 
strip  our  present  terminology  of  mislcailiiig  assnriations. 


Conducted  hy  M.  I.  Cross. 

POND-LIFE    COLLECTING    FOR    THE    MICROSCOPE. 

II. — Apparatus   kor   Microscopic  Examination. 

By  Charles  F.  Rousselet,  f.r.,m.s. 

Ha\  ING  shown  in  a  previous  article  how  to  collect  the  various 
Pond  organisms,  I  will  now  discuss  those  methods  of  bringing 
them  under  the  microscope  which  I  have  found  both  practical 
and  expeditious. 

Fig.  3  is  a  ])hotogra])h  of  various  apparatus  used  for  this 
purpose,  consisting  of  troughs,  pipettes,  live  box  and  compressor. 

After  capturing  a  miscellaneous  collection  of  Pond-life  and 
transferring  it  to  a  window  aquarium,  placed  in  front  of  a 
window,  as  previously  ex[)lained,  it  will  be  desirable  first  of  all 
to  place  some  of  it  under  a  low  power  of  the  microscope,  say  a 
2  inch  or  1 J  inch  objective,  in  order  to  obtain  a  better  general 
view  of  the  various  animals.  The  free-swimming  forms  will 
mostly  have  collected  on  the  light  side  of  the  aquarium,  and  can 
there  be  picked  up  quite  clean,  and  in  vast  numbers  sometimes 


Fig.  3. — Micro.  Troughs,  Pipettes,  Live-box,  and  Compressor, 
for  Pond-life  work. 

with  the  i)ii)ette  (e)  and  transferred  to  a  square  trough  (a)  or  (6), 
and  placed  under  the  microscope,  where  the  contents  can  readily 
be  illuminated  from  below,  both  with  transmitted  light  and 
under  dark  ground.  I  prefer  to  use  dark-ground  illumination 
with  low  powers  when  searching  over  the  contents  of  a  trough, 
and  when  studying  the  shape,  mode  of  swimming,  ways  of 
feeding  and  living  of  Polyzoa,  Rotifera  and  Infusoria.  More- 
over, the  animals  scattered  through  the  trough  will  soon  collect 
in  the  spot  of  light  of  the  condenser,  and  then  the  whole  field 
of  view  will  often  be  a  mass  of  moving,  dancing,  tumbling, 
sparkling  life. 

The  trough  (a),  3  inch  by  li  inch  and  -^  inch  thick,  is  the  form 
I  mostly  use  ;  it  stands  upright  on  the  table,  is  reversible  and  can 
be  handled  without  greasing  the  well  part  of  the  glass.     The 
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sides  are  cemented  in  the  fire  by  means  of  a  fusible  glass 
cement,  and  thus  the  trough  is  and  remains  watertight.  The 
trough  (h)  is  also  a  useful  type  but  it  is  not  reversible,  will 
not  stand  by  itself  on  the  table,  and,  being  cemented  with  gold 
size  or  marine  glue,  is  liable  to  leak.  The  troughs  usually  sold 
are  semi-circular  in  shape,  a  very  bad  type,  because  in  addition 
to  the  above  defects,  the  least  amount  of  tilting  on  the  stage 
will  cause  the  water  to  run  out  over  the  edge.  Thicker  troughs 
are  objectionable  because  the  substage  condenser  cannot  work 
through  them,  and  the  animals  cannot  be  properly  illuminated, 
though  sometimes  such  troughs  may  be  required  by  the  size  and 
nature  of  the  object. 

A  few  words  on  pipettes  will  not  be  out  of  place  here.  The 
old-fashioned  way  of  using  the  finger  on  a  straight  or  curved 
glass  tube  to  capture  Pond-life  is  si  unsatisfactory  that  I  have 
been  driven  to  invent  new  pipettes  for  more  precise  and  exact 
work.  Fig.  '.->  (c,  (/,  and  e)  represent  the  i)ipette3  in  constant  use. 
(c)  is  a  glass  tube  about  j%  inch  in  diameter  and  8  inches  long, 
which  tapers  from  the  middle  to  a  point  more  or  less  fine, 
according  to  the  size  of  the  animals  one  wishes  to  capture. 
Over  the  wide  end  is  placed  an  indiarubber  teat,  by  means  of 
which  any  single  specimen,  or  scores  of  animals,  can  be  sucked 
up  with  the  least  quantity  of  water,  (d)  is  another  type  of 
pipette,  having  a  still  finer  action  :  it  is  6  inches  long,  funnel- 
shaped  at  one  end,  and  tapering  gradually  from  the  funnel  to  a 
fine  point  ;  the  funnel  is  J  irch  wide,  and  covered  with  an 
indiarubber  membrane.  {/■)  is  a  similar,  but  smaller  and  finer 
pipette,  3.}  to  i  inches  long,  f  )r  picking  up  small  Rotifers  in  a 
fraction  of  a  drop  of  water  under  the  dissecting  microscope. 
The  slightest  touch  on  the  membrane  is  sufficient  to  expel  or 
bring  in  the  water,  so  that  one  has  complete  control  over  the 
amount  of  wat  jr  that  is  taken  up,  and  there  is  much  less  risk  of 
losing  the  animal  one  wishes  to  transfer  to  the  compressor. 

The  old-fashioned  live  box  with  rai<ed  tablet,  still  largely 
sold  with  microsco])es,  is  quite  useless  for  Pond-life,  for  the 
simple  reason  that  the  objects  cannot  be  properly  illuminated 
with  the  substage  condenser.  This  consideration  led  me  long 
ago  to  design  the  live  box  ( /),  in  which  the  glass  tablet  is  fixed 
flush  with  the  brass  plate,  and  is  of  small  size,  thus  leaving  a 
wide  ring  all  round.  This  arrangement  allows  all  objects  on  the 
tablet  to  be  perfectly  illuminated  from  below  by  the  achromatic 
condenser,  both  with  transmitted  light  and  under  dark  ground, 
and  at  the  same  time  they  can  be  reached  and  followed  from 
above  with  both  low  and  high  powers,  and  oil-immersion 
lenses,  to  the  very  edge  of  the  tablet,  and  wherever  they  may 
wander.  For  more  exact  woik,  when  it  is  desired  to  hold  a 
single  Rotifer  between  the  two  glasses  and  prevent  its  wandering 
about,  I  have  devised  the  compressor  (f/),  in  which  the  pressure, 
and  the  thickness  of  film  of  water,  can  be  accurately  regulated 
by  a  screw  acting  against  a  spiral  spring.  At  the  same  time, 
water,  or  reagents,  can  be  added,  if  desired,  without  raising  the 
cover.  When  properly  and  well  made,  this  compressor  works 
exceedingly  well,  and  I  have  had  it  in  constant  use  for  years, 
but  some  makers,  unfortunately,  have  introduced  variations  and 
so-called  "  improvements  "  which  just  take  away  some  of  the 
essential  and  useful  points.  The  semi-circular  thin  cover-glass 
must  be  cemented  to  the  underside  of  the  brass  ring  with  a 
little  gold  size,  so  as  to  be  quite  firm  and  rigid,  otherwise  its 
action  becomes  uncertain,  and  very  small  objects  cannot  be  held 
fast,  or  else  are  suddenly  crushed. 

Some  more  simple  apparatus  and  devices  may  be  mentioned 
for  cases  where  no  live  box  or  compressor  is  at  hand.  An 
excavated  glass  slide  makes  a  fair  live  cage  ;  a  drop  of  water 
containing  the  animals  is  placed  in  the  c;ivity  so  as  to  just  fill  it 
and  no  more  ;  anotlier  drop  of  clean  water  is  placed  by  the  side 
of  the  cavity,  and  a  clean  thin  cover-glass  is  lowered  on  to  that 
second  drop  ;  then,  by  means  of  a  needle,  the  cover  is  slowly 
pushed  across  the  cavity,  which  can  thus  be  covered  without 
enclosing  an  air  bul)l)le  ;  the  superfluous  water  is  taken  up  by 
blotting  paper,  the  cover-glass  being  held  in  position  by  capillary 
attraction.  This  forms  a  good  slide  for  low  and  medium  powers, 
but  not  for  high  powers.  Another  good  temporary  slide  can  be 
made  by  placing  three  small  fragments  of  No  1  thin  cover-glass 
near  the  middle  of  a  glass  slip  in  form  of  a  triangle  ;  the  drop 
of  water  containing  the  animals  is  placed  in  the  centre,  and  a 
clean  thin  cover-glass  is  lowered  on  to  the  drop  so  as  to  rest  on 
the  three  glass  fragments,  which  prevent  the  animals  getting 
crushed.  If  there  be  too  much  water  it  can  be  removoil  with 
blotting  paper.     Low  and  high  powers  can  be  used  on  this  slide 


as  far  as  the  movements  of  the  animals  will  permit,  but  not 
oil- immersion  lenses. 

Having  thus  mentioned  some  essential  and  neoessarj'  apparatus, 
I  will  close  with  a  few  remarks  on  the  examination  of  living 
Pond-life.  The  free-swimming  organisms,  including  such  forms 
as  Volvox  ijlobatur,  collect  on  the  light  side  of  the  window 
aquarium,  and  can  there  be  ])icked  up  in  small  or  large  numbers, 
and  quite  clean,  with  the  large  pipette,  and  placed  in  the  trough; 
or  any  particular  species  can  be  selected  with  the  aid  of  the 
tank  microscope,  and  taken  up  with  the  smaller  pipette,  and 
transferred  to  the  live  box  or  comjjressor  in  a  single  drop  of 
clean  water,  both  hands  being  free  for  this  operation. 

The  fixed  forms,  such  as  Polyzoa,  Slephanoceros,  Afelicertu, 
FloscuUs,  etc.,  amongst  Rotifers,  and  Ste.ntor,  Carrhi'.sium, 
Zoothamniitm,  etc  ,  amongst  Infusoria,  require  a  little  manage- 
ment. If  simply  placed  in  a  trough,  these  are  often  obscured, 
or  incapable  of  being  properly  illuminated,  by  being  too  crowded, 
or  by  part  of  the  weed  over  or  underlying  the  objects,  and  also 
by  floating  particles  in  the  water.  The  best  result  is  obtained 
by  trimming,  that  is  by  cutting  off  a  very  small  piece  of  weed 
or  leaf  on  which  the  animal  is  attached — in  a  watch  glass  under 
the  dissecting  microscope  if  necessary — and  then  transferring  it 
with  the  pipette  to  the  compressor  into  a  drop  of  clean  water  ; 
it  can  there  be  arranged  with  a  needle  or  bristle  as  may  be 
desired,  and  after  lowering  the  cover-glass,  fixed  and  held  fast, 
at  the  same  time  giving  the  animal  perfect  freedom  to  expand. 
In  this  position  the  animals  can  be  reached  with  the  achromatic 
condenser  from  below  for  transmitted  light  and  dark  ground 
illumination,  and  also  with  low  and  high  powers,  and  even  oil- 
immersion  objectives  from  above. 

For  Pond-life  work  the  Wenham  binocular  is  decidedly  to  be 
preferred  to  the  monocular  microscope.  It  is  less  tiring  to  the 
eyes  to  look  with  both  eyes,  and  without  strain,  and  the 
stereoscopic  image  gives  a  very  much  better  idea  of  the  true 
shape  of  the  animals,  though  the  images  are  not  quite  so  sharp 
as  with  the  monocular  tube  :  but  this  binocular  form  can 
immediately  be  changed  into  a  monocular  for  high  power  work, 
or  whenever  desired  by  pushing  the  small  prism  out  of  the  way. 

The  binocular  is  to  be  used  only  with  the  low  powers  up  to 
the  frd  inch  objective;  with  higher  powers  the  stereoscopic 
effect  is  lost,  because  the  depth  of  focus,  or  the  plane  of  distinct 
vision,  is  then  exceedingly  small,  and  becomes  more  and  more  a 
mere  optical  section  of  the  object. 

A  mechanical  stage  is  hard!}'  necessary ;  for  ordinary  work,  a 
well-made  sliding  stage  or  bar  is  preferable,  and  should  be 
provided.  Stage  clips,  of  which  opticians  are  so  fond,  are 
abominations,  and  should  be  consigned  to  the  dust  bin. 

Of  illuminating  apparatus,  the  Abbr  form  of  substage 
condenser,  achromatic  if  possible,  is  the  only  one  that  is  really 
useful  for  all  powers,  and  that  need  he  considered  both  for 
transmitted  light  and  for  dark  ground  illumination.  It  should 
be  provii^ed  with  an  iris  diaphragm  and  an  arm  carrying  a 
central  stop,  and  then  completely  replaces  all  the  older  substage 
apparatus— condenser,  spot  lens,  paralnloid,  etc.  Tue  bull's- 
eye  stand  condenser,  however,  is  necessary  to  render  parallel  the 
rays  of  the  lamp  flame,  but  it  should  be  mounted  on  the  lam]), 
and  move  about  with  the  lamp,  and  so  as  to  project  an  enlarged 
image  of  the  edge  of  the  flame  on  to  the  flat  mirror  of  the 
microscope  for  dark  ground  illumination  with  low  powers. 

All  apparatus  used  in  the  examination  of  Pond  life — troughs, 
live  boxes,  compressors,  and  pipettes  -should  always  be  carefully 
cleaned  and  dried  immediately  after  use,  and  in  no  case  should 
the  water  be  allowed  to  evaporate  in  them.  -Much  trouble  will 
be  saved  by  the  observation  of  this  rule,  and  the  apparatus  will 
always  be  ready  for  use. 


"  ULTRAMK'ROSCOPICAL"  PARTICLES. 
The  meeting  of  the  Ra3al  Jficroscopiail  Society,  held  on  the 
17th  June  last,  proved  to  be  the  most  interesting  and  successful 
of  the  session.  It  had  been  anticipated  that  Lord  Raylcigh 
would  have  been  present  to  read  his  paper  on  "  The  Theory 
of  Microscopic  Vision,"  but  he  was  unfortunately  unable  to 
attend,  and  the  paper  was  read  by  Dr.  Hobb.  The  great  feature 
of  the  evening  then  beainie  a  paper  by  Dr.  II.  Siedentopf,  a 
member  of  the  scientific  st;ift  of  the  Jena  Glass  Works,  dealing 
with  the  visibility  of  ultra-microscopical  particles,  illustrated 
by  several  objects  arranged  in  the  manner  prescribed  by  him, 
and  demonstrating  the  subject  in  a  very  wonderful  manner. 
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It  has  of  course  long  been  known  that  whilst  there  is  a  fairly 
well-defined  limit  of  resolving  jiower — in  other  words,  a  inhunnim 
distance  apart  beyond  which  two  or  more  particles  or  elements 
of  structure  cannot  be  seen  apart — there  is  no  such  limit  for  the 
size  of  the  separate  particles  themselves,  at  any  rate  not  when 
they  are  placed  in  a  strong  light  against  a  dark  background  : 
for  under  these  conditions  the  smallness  of  the  reflecting  surface 
of  the  particles  can  be  compensated  for  by  the  brightness  of  the 
illunaination,  in  much  the  same  way  as  minute  particles  of 
floating  dust  become  visible  in  the  path  of  a  ray  of  sunlight 
through  an  otherwise  shaded  room. 

The  interesting  and  novel  parts  of  Dr.  Siedentopf's  paper 
were  those  dealing  with  the  methods  adapted  for  carrying  this 
system  of  rendering  minute  particles  visible,  to  its  utmost  limit, 
and  those  which  resulted  in  fairly  reliable  estimates  of  the 
actual  size  of  the  particles. 

The  usual  dark-ground  illumination  is  not  very  efficient,  for 
whilst  it  is  easy  enough  to  find  a  stop  which  will  not  allow  a 
single  ray  of  regularly  refracted  direct  light  to  pass  through  the 
microscope,  it  is  impossible  to  prevent  a  quantity  of  scattered 
light  produced  by  reflection  from  the  mounts  of  condenser  and 
objective,  and  by  double  reflections  at  the  numerous  lens  sur- 
faces, from  reaching  the  eye  and  rendering  it  less  sensitive  to 
feeble  impressions. 

This  difficulty  Dr.  Siedentopf  overcame  in  a  most  ingenious 
manner  by  taking  advantage  of  total  reflection.  He  arranged 
his  condenser  (a  dry  one)  at  right  angles  to  the  optical  axis  of 
the  microscope,  so  that  its  concentrated  light  entered  the  slide 
containing  or  forming  the  object,  laterally.  It  will  at  once  be 
seen  that  none  of  this  light  can  emerge  into  air  through  the 
upper  surface  of  the  slide,  as  this  would  demand  a  refractive 
index  of  1'414, — lower  even  than  that  of  fluorite.  The  light 
diffused  by  small  particles  is  therefore  the  only  light  that  reaches 
the  eye,  and  the  latter  wiU  therefore  be  sensitive  to  its  utmost 
limit. 

But  it  is  further  necessary  to  limit  the  illumination  to  particles 
within  the  limits  of  depth  of  focus,  as  otherwise  the  light 
scattered  by  particles  not  in  focus  would  form  a  luminous  back- 
ground ;  this  object  Dr.  Siedentopf  attained  by  focussing  the 
source  of  light — generally  the  electric  arc — on  an  adjustable 
spectroscope-slit,  then  focussing  the  slit  in  his  object. 

By  the  use  of  this  refined  method.  Dr.  Siedentopf  was  able  to 
prove  by  direct  observation  that  the  beautiful  red  glass,  known 
as  gold-ruby  glass,  contains  small  detached  particles  of  gold  of 
extremely  small  size.  By  computing  the  cubic  space  under 
observation,  counting  the  particles  within  that  space,  and 
ascertaining  by  analysis  the  percentage  of  gold  in  the  glass  under 
examination,  it  was  found  that  the  particles  were  equal  in  weight 
to  tiny  cubes  of  gold  having  sides  equal  to  from  one-sixth  to 
five  one-millionths  of  an  inch.  Though  almost  inconceivably 
minute,  the  particles  are  still  composed  of  a  great  number  (at 
least  10,0011,  according  to  Dr.  Siedentopf)  of  molecules.  These 
latter  must,  therefore,  still  be  considered  as  invisible. 

Very  minute  particles  of  other  origin  were  also  demonstrated, 
for  instance  the  flagellse  of  certain  bacteria,  and  we  may  confi- 
dently look  forward  to  important  additions  to  our  knowledge 
resulting  from  an  intelligent  application  of  the  methods  of 
illumination  and  of  observation  devised  by  Dr.  Siedentopf. 

One  interesting  question  was  not,  as  far  as  we  are  aware,  gone 
into  by  Dr.  Siedentopf,  viz.,  why  the  gold-ruby  glass  should 
transmit  chiefly  red  light ;  this  seems  rather  puzzling,  for  thin 
layers  of  metallic  gold  transmit  green  light.  Could  the  colour 
arise  in  a  similar  manner  to  the  blue  of  the  sky  V 


Rudiments  of  Palpi  in  Diptera. — It  is  not  generally 
known  that  the  palpi  present  on  the  proboscis  of  our  common 
house  flies,  Musca  domestica,  and  Homalomyia  canicidar/s,  are 
labial,  that  is  to  say,  attached  to  the  lower  lip.  The  exceedingly 
minute  remains  of  the  maxillary  palpi  can  be  made  out  on  the 
anterior  ends  of  the  levers  that  work  the  lancet.  These  parts  are 
embedded  in  the  proboscis,  but  if  a  preparation  is  mounted  under 
pressure,  after  having  had  the  soft  parts  cleared  away  by  caustic 
potash,  the  levers  can  be  seen  through  the  transparent  membrane, 
and  a  good  "  sixth,"  with  careful  substage  illumination,  will 
show  some  hairs  on  the  tubercles  at  the  anterior  ends.  These 
parts  are  the  stipites  and  cardines  of  the  inner  jaws  (maxills.) 
A  series  of  palpi  can  be  seen  in  different  species,  from  a  well- 


developed  hairy  organ,  protruded  through  the  membrane,  to  a 
small  embedded  bulb,  which  has  lost  the  few  hairs  we  see  in 
J/,  domestica.  This,  regarded  from  the  evolutionary  point  of 
view,  is  exceedingly  interesting. 

Communications  and  enquiries  on  }ficroscoj>icaI  matters  are 
cordially  invited,  and  should  be  addressed  to  M.  I.  Cross, 
Knowledge  Office,  326,  High  Holborn,  W.C. 


NOTES   ON   COMETS   AND   METEORS. 

By  W.  P.  Denning,  f.e.a.s. 

New  Comet. — A  pretty  bright  comet,  with  nucleus  and  tail,  was 
discovered  by  Borrellv,  at.  Marseilles,  just  before  midnight  on  June  21, 
in  R.A.  211i.  o2m.  528.,  Dee.  S.  8^  10'.  The  direction  of  motion  was 
towards  N.N.W.  On  June  30,  at  Oh.  30m.  a.m.,  the  writer,  at  Bristol, 
obserred  the  comet,  and  found  it  distinctly  viBible  to  the  naked  eye. 
It  had  a  bright  nucleus,  and  a  tail  of  about  k  degree  flowing  to 
the  S.S.W.  The  comet  will  be  in  perihelion  at  the  end  of  August, 
and  during  that  month  will  move  from  Ursa  Major,  through  Leo 
Minor  into  Leo. 

Alphonse  Borrellv,  the  fortunate  discoverer  of  this  object,  achieved 
distinction  as  a  comet  finder  a  generation  ago.  He  sighted  his  firet 
comet  on  1871,  October  12,  and  found  five  others  during  the  six 
ensuing  years.  With  a  single  exception,  all  the  comets  seen  during 
the  ten  years,  from  1SG8  to  1S77  inclusive,  were  discovered  by  one  or 
other  of  the  famous  comet  seekers,  Borrellv,  Coggia,  Xempel  and 
Winnecke. 

Bbooks's  Pebiodical  Comet  (1889  V.-1896  VI.).— This  comet 
will  reach  its  nearest  point  to  the  earth  on  about  August  17,  though 
it  will  not  pass  through  perihelion  until  the  second  week  in  December. 
The  comet  is  rather  unfavourably  situated  for  northern  observers,  as 
it  is  27  degrees  south  of  the  equator,  but  it  ought  to  be  pretty  well 
seen  from  stations  having  a  very  open,  unobstructed  view  southwards. 
It  is  moving  very  slowly  westwards,  its  place  at  the  end  of  August 
being  only  5  degrees  west  from  that  occupied  at  the  opening  of  tlie 
month.  The  following  is  an  ephemeris  for  Berlin  midnight : — 
E.A.  Declination. 


1903. 
August  1 1 

,.       19 


n 


26  59 

27  3 
27  6 
27  5 
27  1 
26  53 


S     20 
21       5       7         . 
21       2       0 
,,       23         ...         20     59       4 
27         ...         20     56     25 
„       31  ...  20     54       7 

During  this  period  the  comet's  distance  from  the  earth  wiU  be  about 
110  millions  of  miles. 

DOPBLY-OBSEEVED  Meteoks. — The  real  paths  of  an  interesting 
pair  of  bright  meteors  recorded  at  the  April  epoch  have  been  computed 
by  Mr.  W.  E.  Besley  and  by  the  writer,  and  the  results,  placed  side 
bv  side  for  comparison,  are  as  under : — 

April  23,  lOh.  2.3m.  AprU  22, 12h.  32iin. 

W.  E.  B.     W.  F.  D.  W.  E.  B.    W.  F.  D. 

Height  at        ")  ,,-,,  ,-_  ^-  -o 

°  ^         ...         42.',m.       4om.  ...  lom.         78m. 

appearance ) 

Height  at  ^  26m.         26m.         ...  41m.         43m. 

disappearance  ) 
Length  of  path        ...         17m.         20m.         ...  44m.         49m. 

Velocity  per  second...  ojm.         Cim.       ...  35m.         39m. 

Radiantpoint  ...  15l'>-(-47i°    150"-h49»  ...     270'  +  3i<'  269<'  +  32'> 

Name  of  meteor       ...  Ursid.  .,,  Lyrid. 

C.  L.  Brook,  Meltham....A.S.Herschel,Slough. 
A.  King,  Leicester.    ...A.  King,  Leicester. 

There  was  also  a  fine  Lyrid  observed  on  April  22,  lOh.  3Sm.,  by 
Prof.  Herschel  at  Slougli,  and  llr.  T.  H.  Astbury  at  Wallingford. 
The  heights  were  from  70  to  56  miles  over  Northamptonshire. 

FiBEBAU. — Mr.  F.  L.  Raymond  writes  from  Yeovil  that  on  June  30, 
8h.  50m.,  he  observed  a  magnificent  meteor.  It  was  white  at  first, 
then  orange,  and  moved  rather  slowly  from  due  S.  to  a  point  about 
5  degrees  above  S.  E,  horizon.  The  meteor  left  a  short  diffused  trail, 
but  the  exact  path  was  difficult  to  locate  owing  to  the  very  strong 
twilight.  The  same  object  was  seen  by  the  Hev.  S.  J.  Johnson,  of 
Bridport,  who  gives  the  time  as  8h.  52m  ,  and  says  the  path  was  from 
an  altitude  of  about  15  degrees  in  due  south  to  about  5  degrees  above 
horizon  at  a  point  a  little  to  the  eastward.  Motion  rather  slow ; 
duration  3  seconds.  Miss  Mary  E.  Glennie  also  writes  from  Diuan, 
France,  that  the  fireball  as  seen  from  that  place  appeared  larger  than 
the  moon,  and  emitted  zigzag  streams  of  fire  as  it  went  along.  A 
sound  like  distant  thunder  was  heard  about  a  minute  after  its  disap- 
pearance.    At  St.   Brieux,  France,  the  bolide  passed  from  W.  to  E., 


Observers 


August,  1903.] 


KNOWLEDGE. 


191 


at  no  great  distance  above  the  horizon.  At  Dawlisli,  on  the  Deron 
coast,  the  aspect  of  the  meteor  was  ilccribed  as  splendid,  and  as 
appearing  under  the  form  of  a  fiery  bolt  dropping  into  the  sea. 

The  Gkeat  Pekseid  Steeam. — The  maximum  of  this  shower 
will  probably  occur  on  the  morning  of  August  13  this  year,  and 
observations  should  be  obtained  during  the  nights  of  the  10th  to  14th, 
if  clear,  with  a  view  to  fixing  the  hour  of  greatest  abundance. 
Observers  of  the  display  should  carefully  record  tlie  flights  of  non- 
Perseids  as  well  as  the  most  brilliant  Perseids.  But  it  is  scarcely 
desirable  to  preserve  details  of  the  fainter  members  of  this  system, 
myriads  of  which  have  been  already  recorded  during  its  previous 
returns. 


THE   FACE   OF  THE   SKY  FOR   AUGUST. 

Hy  W.  Shackleton,  f.r.a.s. 

The  Sun. — On  the  1st  the  sun  rises  at  4.24  and  sets  at 
7.48 ;  on  the  31st  he  rises  at  5.10  and  sets  at  6.50. 

Suuspots  and  faculse  may  now  be  observed  almost  anj 
day  ;  at  the  time  of  writing  there  is  a  fairly  large  spot 
near  the  central  meridian. 

The  Moon  : — 


Phases. 

H.    U. 

Aug.    8 

O  Full  Moon 

8  54  A.M. 

„     16 

^    Last  Quarter 

5  22  A.M. 

22 

#  New  Moon 

7  51  P.M. 

„     29 

D    First  Quarter 

8  34  P.M. 

The  moon  is  in  apogee  on  the  6th,  and  in  perigee  on 
the  21st. 

There  are  no  occultations  of  the  brighter  stars  observ- 
able at  convenient  hours. 

The  Planets. — Mercury  is  an  evening  star  in  Leo,  but 
is  not  well  pLiced  for  observation,  as  he  sets  too  soon  after 
the  sun. 

Venus  is  now  very  bright,  but  does  not  set  so  late  as 
during  the  past  few  months.  The  planet  is  at  greatest 
hrilliancy  on  the  12th,  when  the  earth  is  receiving  the 
maximum  amount  of  light  from  the  disc,  this  point  as 
determined  by  the  celebrated  problem  of  Halley's  is  when 
the  elongation  of  the  planet  is  about  40°,  the  diameter  of 
Venus  about  39",  and  the  enlightened  part  about  10". 
The  planet,  therefore,  at  this  time  appears  a  little  more 
than  a  quarter  illuminated,  and  corresponds  to  the  moon 
when  five  days  old.  The  point  of  maximum  lirilliancy 
takes  place  about  36  days  before  inferior  conjunction, 
hence  the  planet  rapidly  approaches  the  sun  towards  the 
end  of  the  month,  setting  on  the  31st  about  6.55  p.m. 
Venus  can  readily  be  picked  up  during  the  day  with  a  pair 
of  field-glasses,  and  near  the  time  of  greatest  brilliancy, 
having  thus  once  found  it,  it  can  frequently  lie  seen  with 
the  naked  eye.  On  the  12th  the  planet  is  on  the  meridian 
at  2.26  P.M.,  and  has  an  altitude  of  36^^. 

Mars  is  still  observable  throughout  the  month  soon  after 
sunset ;  he  is,  however,  Ity  no  means  the  conspicuous  object 
that  he  was.  Near  the  beginning  of  the  month  he  is  not 
far  from  Spica  Virginis,  but  moves  easterly  into  Libra 
towards  the  end  of  the  month.  The  lustre  of  the  planet  is 
rapidly  decreasing,  as  the  apparent  diameter  is  only  d-iS" 
on  the  15th,  088  of  his  disc  being  illuminated. 

Jupiter  is  again  rising  sufficiently  early  that  observa- 
tions may  be  made  before  midnight.  On  th(>  1st  he  rises 
about  9.20  p.m.,  and  on  the  31st  at  7.15  p.m.  Near  the 
middle  of  the  mouth  he  is  on  the  meridian  at  2  a.m.,  when 
the  apparent  polar  and  equatorial  diameters  are  46"  and 
49"  respectively. 

The  most  interesting  satellite  phenomena  visible  before 
midnight  are  as  follow  : — 


Date. 

Satellite. 

Pheno- 

Time. 

Date. 

SatelUte. 

Phcno- 

Time. 

^* 

P.M. 

Aug. 

h. 

m. 

Aug. 

h.  m. 

2 

III. 

Tr.  E. 

11 

5 

18 

II. 

Tr.  E. 

9     6 

8 

I. 

Ec.  D. 

10 

36 

23 

I. 

Sh.  I. 

11  3(5 

9 

I. 

8h.  e;. 

10 

6 

24 

I. 

Ec.  D. 

8  54 

„ 

I. 

Tr.  E. 

10 

55 

,, 

I. 

Oc.  R. 

11  38 

,^ 

III. 

Sh.  E. 

11 

24 

25 

II. 

Tr.  I. 

8  43 

^, 

III. 

Tr.  I. 

u 

27 

,, 

I. 

Tr.  E. 

8  49 

16 

I. 

Sh.  I. 

9 

42 

jj 

II. 

Sh.  K. 

10  30 

„ 

I. 

Tr.  I. 

10 

22 

,, 

II. 

Tr.  E. 

11  23 

1 

II. 

Ee.D. 

10 

27 

27 

III. 

Oc.  R. 

10  55 

„ 

I. 

Sh.  E. 

12 

0 

31 

I. 

Ee.D. 

10  49 

17 

I. 

Oc.  R. 

9 

53 

1 

Ec.  =  Eclipse.      Tr.  =  Transit.      Oc.  =  Occultation.      Sh.  =  Shadow. 
E.  =■  Egress.     I.  =  Ingress.     D.  =  Disappears.     R.  =  Reappears. 

Saturn  is'  rather  low  down  in  Capricornus.  On  the  1st 
he  rises  about  7.40  p.m.,  and  on  the  31st  at  about  5.30 
before  sunset.  Near  the  middle  of  the  month  he  souths 
at  11  p.m.  ;  his  polar  diameter  is  17""2. 

The  northern  surface  of  the  ring  is  visible  and  the  ring 
plane  is  inclined  to  our  line  of  vision  at  an  angle  of  19". 
The  diameter  of  the  outer  major  and  minor  axes  are  43" 
and  14"'3  respectively. 

Uranus  is  low  do^vn  in  Ophiuchus,  not  far  from  0  and 
44  Ophiuchi  (the  chart  given  in  the  June  number  enables 
the  planet  to  be  found  readily)  ;  the  disc  can  be  made  out 
with  a  power  of  about  100,  the  diameter  being  3"9.  On 
the  1st  the  planet  is  on  the  meridian  at  8.48  p.m.,  and  on 
the  31st  at  6.48  p.m.,  setting  on  these  dates  at  about 
12.45  a.m.  and  10.45  p.m. 

Neptune  is  a  morning  star,  and  not  observable  at  con- 
venient hours. 

The    Stars. — About    9  p.m.   at   the   beginning  of  the 
mouth  the  constellations  to  be  noticed  are  : — 
Zenith     .     Lyra  {Vega),  Hercules,  Draco. 
South       .     Sagittarius,     Scorpio,     Ophiuchus,     AquUa ; 

Aquarius  and  Capricornus  to  the  S.E. 
West        .     Bootis,   Corona ;    Great   Bear  to   the   N.W., 
Virgo  and  Libra,  S.W. 

Cygnus,  Delphiuus,   Pegasus,  Ai'ies  ;  Andro- 
meda and  Cassiopeia  to  the  N.E. 
North      .     Ursa  Minor,  Auriga  (Capella  on  horizon). 

Minima  of  Algol  occur  on  the  13th  at  10.55  p.m.,  and  on 
the  16th  at  7.43  p.m. 


East 


C^tss  Column. 

Bv    C.    D.    LococK,    B.. 


Communications  for  this  column  should  be  addressed 
to  C.  D.  LococK,  Netherfield,  Camberley,  and  be  posted 
by  the  10th  of  each  month. 

Solutions  of  July  Problems  (P.  G.  L.  F.). 
No.  1. 
1.  Kt  to  B3,  ;uid  mates  nest  move. 
No.  2. 
Key-move — 1.  Q  to  K3. 
If  1.  .  .  .  P  to  B4,         2.  Q  to  K7ch. 
1.  .  .  .  Pto  K5ch,     2.  RxRPdis.  ch. 
1.  ...  P  to  K6,  2.  R  to  155  double  ch. 

1.  .  .  .  P  to  Kt6,  2.  R  X  KP  dis.  ch. 
Solutions  received  Irom  "Alpha,"  2,  4;  W.  Nash, 
2,  4;  G.  A.  Forde  (Major),  2.  4;  G.  W.  Middleton, 
2,  4;  "Quidam,"  2,  4;  J.  W.  Dixon.  2,  4;  C.  Johnston, 
2,  4 ;  H.  F.  Culmer,  2,  4 ;  T.  Dale.  2,  4 ;  E.  A.  Servante, 
2,  4  ;  "  Looker-on,"  2,  4 ;   W.  H.  S.  M.,  2,  4. 
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•  "  Qtiidam." — I  cannot  find  tliat  yon  wore  credited  with 
any  ])oints  for  solutions  of  the  May  problems,  and  much 
fear  that  j'our  solutions  must  have  gone  astray  in  the 
post.  I  have  no  record  of  them  in  my  score-liook,  nor  are 
they  mentioned  in  the  proof-slips  of  the  June  number 
which  I  have  by  me.  But  if,  as  you  say,  they  were 
acknowledged  as  correct  in  that  number,  you  will  of  course 
be  credited  with  them.  I  regret  that  I  am  unable  to 
verify  this  till  next  week. 

W.  Nash.  —I  am  afraid  I  have  uo  idea.  Probalily  the 
publishers  of  Knowledoe  could  give  you  the  information 
you  require. 

PEOBLEMS. 

No.  1. 
By  W.  Geary. 

Black  (7). 


White  (7). 

White  mates  in  two  moves. 

No.  2. 
By  A.  Lillie. 


White  (U). 

White  mates  in  three  moves. 


The  score  of  the  following  game  is  taken  from  Brkjliton 
Society. — 

"  Queen's  Pawn  "  Opening. 
White.  Black. 


C.  Schlechler. 

1.  P  to  Q4 

2.  P  to  QB4 

3.  Kt-to  QB3 

4.  P  to  K4 

5.  Kt  to  B:5 
G.  B  to  Q3 

7.  Castles 

8.  PtoKR3 


Pr.  Tarrasch. 

1.  Kt  to  KB3 

2.  P  to  Q3 

3.  QKt  to  Q2 

4.  P  to  K4 

5.  B  to  K2 

6.  Castles 

7.  P  to  B3 

8.  Q  to  B2 


9.  B  to  K3 

10.  Kt  to  KR4 

11.  Kt  to  B5 

12.  P  takes  B 

13.  P  to  Q5 

14.  E  to  Bsq 

15.  P  to  KKt4 

16.  B  to  Ktsfj 

17.  K  to  Esq 

18.  PtoKtS 

19.  P  to  KR4 

20.  R  to  Ktsq 

21.  Q  to  E5 

22.  R  to  Kt3 

23.  B  takes  Kt 

24.  P  to  QG 

25.  Kt  to  K4 

26.  R  to  Qsq 


Q-' 


9.  E  to  Ksq 
10     Kt  to  Bsq 

n.  B  takes  Kt 

12.  QRtoQ^q 

13.  PtoQR3 

14.  Kt  (Bsq)  ti 

15.  Kt  to  Bt 

16.  P  to  QR4 

17.  Kt  (B3j  toQ2 

18.  P  to  B3 

19.  B  to  Bsq 

20.  B  to  K2 

21.  Ktto  Bsq 

22.  E  to  Esq 

23.  P  takes  B 

24.  Q  takes  P 

25.  Q  to  Qsq 
Resigns. 


CHESS   INTELLIGENCE. 

The  death  is  announced  of  Mr.  C.  J.  Newman,  a  well- 
known  American  player,  who  has  taken  part  in  the  last  five 
cable  matches  against  Great  Britain.  On  his  first  appear- 
ance in  these  encounters  he  saved  most  ingeniously  what 
appeared  to  be  a  hopeless  game. 

The  first-class  Open  Tourney  of  the  Kent  County 
Association  was  won  by  Mr.  G.  Shories,  of  Brighton,  with 
a  score  of  7  out  of  a  possible  8.  The  other  leading  scores 
were — G.  A.  Thomas,  6  ;  E.  Cresswell  and  R.  Loman,  4|^  ; 
J.  Mortimer,  4. 

The  Southern  Counties'  Chess  Union  holds  its  annual 
meeting  at  Plymouth  this  year,  from  August  31st  to 
Sej>tember  9th.  The  winner  will  hold  the  Amateur  Cham- 
pion Cup,  at  ]jresent  in  the  custody  of  Mr.  R.  P.  Michell. 
Intending  competitors  should  address  Mr.  W.  P.  Weekes, 
7,  Sussex  Terrace,  Plymouth. 

Mr.  F.  J.  Marshall  has  caused  some  sensation  by  chal- 
lenging I)r.  Lasker  for  the  championship  of  the  world. 
It  is  thought  probable  that  the  offer  will  be  declined, 
on  the  ground  that  Mr.  Marshall  has  not  yet  met  with 
sufficient  success  to  justify  the  issuing  of  such  a  challenge. 


All  manuscripts  should  be  addressed  to  the  Editors  of  Knowledge,  326,  High 
Holbom,  London;  they  should  be  easily  legible  or  typewritten.  All  diagrams 
or  drawings  intended  for  reproduction,  should  be  made  in  a  good  black 
medium  on  white  card.  Wliile  happy  to  consider  unsolicited  contributions, 
which  should  be  accompanied  by  a  stamped  and  addressed  envelope,  the 
Editors  cannot  be  responsible  for  the  loss  of  .any  MS.  submitted,  or  for  delay 
in  its  return,  although  evei-y  cure  will  be  taken  of  those  sent. 

Communications  for  the  Editors  and  Books  for  Review  should  be  addressed 
Editors,  Knowleiioe,  326,  High  Holbom,  London. 
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LANTERN  SLIDES  of  many  of  the  Plates  appearing  in  Knowledge 
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FAMILIAR    BRITISH    WILD    FLOWERS   AND 
THEIR    ALLIES. 

By  R.  Lloyd  Praeoee,  b.a. 
v.— HEATHS  AND  GENTIANS. 
H  KATHs  and  Gentians  !  Wliat  pleasant  pictures  do  tlie 
nanie.s  bring  before  the  mind.  Beautiful  plants,  with 
i^raceful  forms  and  brilliant  flowers.  Summer  days  amid 
tin?  hot  bee-iilled  heather.  Wide  brown  moors,  or  alpine 
Hovver-starri'd  pastures.  In  point  of  fact,  the  plants 
const itutiiit,'  these  ijniups  are,  lilce  the  Saxifrai;es,  redolent 
of  the  wild  open  country  ;  of  rock,  and  sand-dune,  and 
mountain  solitude.  The  fertile  plains  yield  but  a  scant 
few  of  them  ;  about  the  murky  town  we  seek  in  vain  a 
single  one.  And  at  this  season  of  the  year,  when  many  of 
us  are  away  in  the  home  of  tlu^  Heaths  and  Gentians,  or 
liave  still  fresh  memories  of  the  mountain  breeze,  and  the 
fragrance  of  the  Heather,  we  may  appropriately  spend  a 
little  while  in  a  study  of  plants  which  give  us  so  much 
pleasure. 


The  Heath  family,  f)r  Ericaeeic,  forms  an  assemblage  of 
shrubs — or  occasionally  herbs — which  have  a  wide  dis- 
triljution  over  the  globe.  They  are  generally  found  in 
rocky  or  boggy  places  in  temperate  countries,  and  especially 
frequent  sub-alpine  regions.  The  Cape  of  Good  Hope  is  the 
home  of  an  immense  number  of  species  of  the  typical  and 
largest  genus  of  the  Order  Erica.  This  genus  yields  the 
numerovis  lovely  Heaths  that  are  found  in  cultivation,  and 
which  must  be  ranked  among  the  most  beautiful  plants 
which  our  greenhouses  can  boast.  The  plants  of  this 
Order  have,  as  their  most  remarkable  character,  their 
beauty.  Only  a  few  possess  medicinal  or  other  properties. 
In  the  whole  vast  genus  Erica  there  is  not  a  single 
instance  of  a  medicinal  species.  A  few  members  of  aOied 
genera,  including  the  familiar  Ling  (Calluna  vulgaris),  and 
the  Bearberry  (Arctostaphylos  TJva-iirsi),  are  astringent. 
Some  of  the  Rhododendrons  and  Azaleas  are  strongly 
narcotic.  The  berries  of  some  succulent-fruited  species, 
such  as  the  Cranberry,  are  used  as  food,  liut  the  list  of 
economic  virtues  in  the  Order  is  very  short.  But  from 
the  point  of  view  of  aesthetics,  what  a  gold  mine  the 
Ericacem  furnish.  Not  only  the  myi-iad  many-tinted 
Heaths,  but  the  glorious  Rhododendi-ons  and  Azaleas 
belong  here ;  also  the  Kalmias,  Andromedas,  Ledums,  and 
Arbutus.  The  species,  as  a  whole,  show  a  decided 
preference  for  peaty  soils,  and  many  of  them  cannot 
endure  lime,  which  renders  difficult  the  cultivation  of  the 
larger  sorts,  such  as  Rhododendrons,  in  certain  districts. 

Leaving  the  gorgeous  Himalayan  Rhododendrons  and 
Cape  Heaths,  we  must  turn  to  the  British  representatives 
of  the  Ordei-,  which,  if  modest  in  comparison  with  these 
glorious  jjlants,  are  nevertheless  full  of  beauty  and  interest. 
The  British  Ericaceie,  taking  the  term  in  a  wide  sense, 
may  be  divided  into  five  tribes  :  Arhutese,  characterized 
by  a  succulent  superior  fruit,  and  represented  by  the 
Strawberry-tree  and  Bearberry ;  Ericeie,  including  the 
Heaths  and  their  immediate  allies,  all  small  shrubs ; 
Vaccinieie,  with  a  fleshy  inferior  fruit,  represented  by  the 
Whortleberry  and  its  relations ;  Pyrolem,  containing  the 
beautiful  Wintergreen ;  and  Monotropege,  consisting  of 
strange  white  or  brown  leafless  herbs,  of  parasitic  or 
saprophytic  habits. 

The  Strawberry-tree,  Arbutus  TJnedo,  is  the  largest  of  the 
British  Ericaceie,  forming  a  small  bushy  tree  which  may 
attain  a  height  of  twenty  feet.  Its  evergreen  fohage, 
clusters  of  winter-borne  Lily-of-the- Valley-like  flowers,  and 
pretty,  rough,  scarlet  fruit,  make  it  a  favourite  in  shrul)- 
beries.  As  a  native,  it  grows  only  in  a  small  portion  of 
the  south-west  of  Ireland.  Around  the  shores  and  on  the 
islands  of  the  LTpper  Lake  of  Killarney  it  may  be  seen  at 
its  liest,  contributing  very  materially  to  the  arlx>real  vege- 
tation of  that  delightful  spot.  Abroad,  it  occurs  across 
the  Spanish  peninsula,  and  all  along  the  Mediterr.ineau. 
The  Beai-berries  {Arctostaphylos)  are  small  evergreen 
shrubs,  with  pretty  Arhutus-\\Ve  flowers  and  shining 
berries.  A.  alpina^  which  has  bluish-black  berries,  is  a 
rare  Scottish  alpine.  A.  Vva-itrsi  is  more  widely  spivad, 
and  though  generally  alpine  in  its  distribution,  in  the 
west  of  Ireland  it  descends  in  sheets  to  sea-level.  It  has 
far-st retching,  trailing,  branching  stems,  pink  flowers,  and 
bright  red  herries. 

We  come  now  to  the  Ericeie,  or  true  Heaths.  Of  the 
six  British  Geuerii— Andromeda,  Calluna,  Erica,  Azalea 
(=  Loiseleuria),  Pliyllodoce  (=  Bryanthus).  and  Daheocia 
{=Borelta),  all  but  the  third  (Erica)  have  only  a  single 
representative.  All  are  small  evergreen  shrubs,  affecting 
peaty  soils.  The  Marsh  Andromeda  (A.  Polifolia)  is  a 
plant  of  peat  bogs,  with  the  leathery  recurved  leaves,  dark 
green  abtn'e  and  white  btnieath,  which  so  many  of  the 
Heath  allies  possess,  and  pink  urn-shaped  blossoms,  which 
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are  produced  in  early  spring.  The  Ling  (Calluna  vulgaris) 
is  familiar  to  every  one.  It  is  tlie  most  abundant  social 
plant  in  the  British  flora.  Over  mile  upon  mile  of  moun- 
tain and  moor  it  dominates  the  vegetation,  and  is  equally 
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at  home  on  southern  sand-dunes  and  on  Scottish  mountain- 
tops.  Examine  the  flower  carefully.  The  calyx  is  con- 
spicuous and  coloured,  deeply  cleft  into  four  lobes  ;  the 
corolla  quite  insignificant  in  comparison,  bell-shaped,  and 
much  shorter  than  the  calyx.  Note  also  the  tmy  leaves, 
arranged  in  four  close  rows.  The  genus  Calluna  possesses 
only  this  one  species ;  but  it  makes  up  in  number  of 
individuals  what  it  lacks  in  variety.  The  Ling  is  spread 
all  round  the  Northern  Hemisphere,  and  where  it  occurs  it 
usually  forms  a  conspicuous  feature  of  the  vegetation. 

The  Heaths  proper  (Erica)  number  six  British  species. 
Two  of  these,  the  common  purple  Heather  {E.  cinerea)  and 
the  pink  Bell-Heather  {E.  Tetralix)  are  familiar  plants  on 
every  heath  and  mountain  side.  The  other  four  are  of 
very  local  and  peculiar  distribution.  Two  of  them,  the 
MediteiTanean  Heath  (E.  mediterranea)  and  Mackay's 
Heath  {E.  Mackaii)  are  confined  to  a  definite  area  in  the 
west  of  Ireland,  in  the  counties  of  Gal  way  and  Mayo.  The 
other  two,  the  Cornish  Heath  (E.  varjans)  and  the  Fringed 
Heath  (E.  ciliaris),  grow  only  in  a  restricted  area  in  the 
south-west  of  England,  in  Cornwall  and  Dorset.  All 
four  are  elsew^here  found  only  in  western  France  and  the 
Spanish  peninsula.  This  group  of  four  Heaths  forms, 
indeed,  the  focus  of  that  peculiar  group  of  plants  of  the 
western  edge  of  Europe — West  Ireland,  West  England, 
and  the  Pyrenean  region — whose  remarkable  range  has 
given  rise  to  so  much  speculation  among  naturalists,  and 
to  the  postulating  of  a  former  extension  and  continuity  of 
the  edge  of  the  Continent,  which  formed  a  land  surface 
along  which  these  and  other  plants — and  many  animals 
likewise— migrated  freely  on  the  old  edge  of  the  Atlantic 


(see  Knowledge,  December,  1901,  pp.  284-6).  Of  the 
four  rare  Heaths  mentioned,  I'L  Mackaii  is  a  small  plant 
with  a  habit  like  E.  Tciralii-  E.  ciliaris  is  a  taller  hand- 
some plant  with  bright  flowers  in  unilateral  racemes.  E. 
ragaiis  grows  several  feet  high,  forming  compact  bushes 
with  stiff  erect  branches.  The  small  flowers  are  borne  in 
racemes  near  the  ends  of  the  branches.  E.  mediterranea 
is  the  largest  British  Heath,  forming  bushes  which  may 
attain  five  feet  in  height,  with  erect  branches  clothed  with 
spreading  leaves.  The  pink  blossoms  appear  in  early 
spring,  and  the  plant  is  usually  at  its  best  by  March.  The 
remaining  three  genera.  Azalea,  PhyUodoce,  and  Daheocia, 
each  with  a  single  species,  are  rare  plants  of  restricted 
distribution.  Azalea  proeombens  is  the  most  frequent  of 
the  three — a  tiny  tuftetl  shrub  found  on  the  summits  of 
high  Scottish  mountains,  with  crowded  dark  green  leaves 
and  umbel-like  clusters  of  pretty  pink  flowers.  PhyUodoce 
aernlea  is  also  alpine  in  habitat,  growing  only  on  the  Sow 
of  Athol  in  Perthshire.  It  is  a  low-creeping  shrub,  with 
crowded  narrow  leaves  and  large  single  egg-shaped  purjilish 
flowers.     Lastly  we    have  Dabeocia  polifoUa,  the  largest- 


FiG.  2. — St.  Dabeoo's  Heath.     Half  natural  size. 

flowered  of  all  the  British  Heaths,  growing  only  in  Galway 
and  Mayo,  and  forming  another  of  the  peculiar  Irish- 
Pyrenean  plant-group  which  has  been  ali-eady  referred  to. 
It  is  a  trailing  shrub,  with  ovate  leaves  conspicuously 
white  beneath.  The  stems  end  in  racemes  bearing  beautiful 
drooping  egg-shaped  bells  half  an  inch  in  length.  Its 
abundance  amid  the  bogs  and  mountains  of  Connemara 
is  to  the  botanist  one  of  the  most  striking  features  of 
that  wild  and  fascinating  country. 

Before  passing  away  from  the  Heaths  and  their  allies,  a 
word  is  desirable  as  to  certain  features  of  leaf  and  flower 
which  they  display.  In  the  flowers,  the  stamens  strike  us 
at  once  as  peculiar.  Take  the  flower  of  the  Bell- Heather 
(E.  Tetralix)  for  example  (Fig.  3).  The  pendulous  egg- 
shaped  blossom  has  a  comparatively  small  opening.     The 
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style,  occupying  the  axis  of  the  bell,  terminates  in  a  stigma 
lying  right  in  the  opening.  Surrounding  this,  and  a  little 
shorter  than  the  style,  are  the  stamens.     The  anthers  are 
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Fio.  3. — Diagrammatic  Section  of  Flower  of  Erica  Tetralix. 
a,  Calyx  ;  A,  corolla ;  c,  filament ;  d,  anther  ;  e,  style  ;  _/",  stigma  ; 
g,  ovary.     Enlarged, 

roundish,  and  instead  of  splitting  open,  open  by  a  pore  at 
what,  in  the  inverted  position  of  the  flower,  is  the  lower 
end.  Attached  to  each  anther  are  two  curious  spreading 
horns.  The  stigma  and  the  horned  anthers  almost  block 
the  entrance  of  the  flower.  Honey  is  secreted  at  the 
further  end,  near  the  ovary.  The  flowers  are  visited 
chiefly  by  bumble-ljees.  The  bee,  alighting  on  the  bell, 
pushes  its  forehead  against  the  stigma.  At  the  same  time 
its  proboscis,  pushed  into  the  flower  in  search  of  honey, 
comes  in  contact  with  the  spreading  appendages  of  the 
anthers,  and  the  disturbance  causes  pollen  to  drop  out 
through  the  pore  on  the  bee's  forehead.  Thus  cross- 
fertilisation  is  effected.  As  to  the  leaves.  That  the 
leaves  of  many  of  these  plants  are  curled  backwards  is  a 
matter  of  common  observation,  but  it  is  only  on  careful 
examination  that  we  find  how  far  this  is  carried  in  some  of 
the  species.     While  in  the  little  Azalea  (Fig.  4,  1)  the  leaf 


fiQ.    t.— Outline  sections  of  rolled  leaves  of  Ericaceie.  1,  Azalea; 
2,  Andromeda.     Enlarged. 

is  mort'lv  curved  backwards,  in  others  the  curling  is  carried 
so  far  that  a  chamber  is  formed,  the  edges  of  the  leaf 
almost  meeting  behind.  The  lower  drawing  on  Fig.  t, 
which    re]iresents   a   foreign    species   of   Andromeda,   ex- 


emplifies this  peculiarity.  Similar  chambered  leaves  are 
found  in  many  plants— notably  in  grasses — and  the  object 
they  serve  is  to  prevent  too  rapid  transpiration ;  the 
stomata,  which  are  situated  on  the  back  of  the  leaves, 
being  thus  enclosed  in  a  cool  moist  chamter.  It  may 
naturally  excite  surprise  that  the  Heaths,  which  are  in  so 
large  measure  bog  plants,  growing  in  a  soil  reeking  with 
water,  should  be  thus  protected  from  loss  of  water.  The 
answer  to  this  puzzle  lies  in.  a  peculiar  property  of  boggy 
soil,  to  which  1  have  made  reference  in  a  previous  article 
(Knowledge,  September,  1902,  p.  210).  The  water- 
logged soil  is  so  badly  aerated  that  soluble  humus 
compounds  remain  in  solution.  Plants  find  difliculty  in 
absorbing  water  charged  with  these  substances,  and  hence 
they  take  precautions  against  undue  waste  of  water.  Such 
precautions  we  see  in  the  small  size  of  the  leaves  of  the 
Heaths,  and  their  rolled  character. 

To  proceed  with  our  review  of  the  native  'Ericacese.  The 
British  Vacciniese  comprise  only  the  genus  Vaccinium, 
which  has  four  species.  The  familiar  Whortleberry  or 
Bilberry  (V.  Myrtillus)  needs  no  description.  Note  the 
pretty  pink  urn-shaped  flowers,  produced  almost  before 
the  leaves,  and  the  curious  spurs  on  the  anthers — very 
characteristic  of  the  Heath  family.  V.  uliginoswn,  the 
Great  Bilberry  or  Bog  Whortleberry,  is  a  small  shrub  with 
the  general  appearance  of  the  last,  found  on  mountains  in 
Scotland  and  the  North  of  England.  V.  Vitis-Idiea,  the 
Cowberry  or  Red  Whortleberry,  has  its  home  amid  alpine 
rocks.  It  is  a  small  shrub  with  creeping  stems,  producing 
upright  shoots  which  bear  shinmg  evergreen  leaves  like 
those  of  Box,  and  pink  flowers  in  which  the  corolla  is  more 
deeply  cleft  than  in  the  beforo-menti(med  species,  being 
bell-shaped  and  five-pointed.  The  berries  are  red  when 
ripe.  The  last  species,  the  Cranberry  (F.  nxyeoccus),  is 
one  of  the  most  delightful  of  British  plants — a  tiny  shrub, 
creeping  among  Sphagnum  or  short  Heather,  with  long 
thread-like  shoots,  and  short,  flowering  stems  which  bear 
exquisite  pink  blossoms  with  four  recurved  petals.  The 
leaves  are  recurved,  glossy  green  above,  white  below ;  the 
berries  large  and  red  in  colour.  Altogether  it  is  one  of 
the  daintiest  plants  which  has  a  ]:>lace  in  our  flora. 

The  remaining  Encacex  are  plants  of  a  quite  different 
appearance  from  any  of  the  preceding.  The  Pyroleie  are 
represented  by  four  species  of  Pyrola  and  one  of  Moneses. 
The  Pyrolas  are  pretty  plants  with  a  rosette  of  roundish 
root-leaves  from  which  springs  an  upright  stem  bearing  a 
graceful  raceme  of  white  or  piukish  waxy  flowers,  with 
incurved  petals  and  a  remarkably  long  style.  P.  rotitudi- 
folia  is  a  rare  plant  of  bushy  and  reedy  places  ;  its  flowers 
have  a  peculiar  appearance  owing  to  the  drooping  style, 
which  protrudes  from  among  the  buntUe  of  stamens.  P. 
media  and  P.  minor  are  of  more  frequent  occurrence,  in 
heathy  places.  They  have  a  tolerably  close  resemblance, 
but  may  be  distinguished  by  their  straight  style,  which  is 
much  longer  than  the  stamens  and  crowned  wth  a  ring  in 
P.  media,  ('(lual  to  the  stamens  and  without  a  ring  in 
P.  minor.  The  fourth  s(>ecies,  P.  secunda.  is  montane  in 
habitat,  and  distinguished,  as  its  name  implies,  by  the 
flowers  on  the  raceme  all  facing  in  one  direction  (secuud). 
The  leaves,  too,  are  oval,  pointed,  and  serrate  ;  instead  of 
more  or  less  orbiculiu-  and  slightly  crenate,  as  in  the  other 
species.  The  style  is  long  and  straight,  with  a  large 
stigma.  Mor.es'es  grandiflora  is  a  rare  north-Scottish 
wood  plant,  allied  to  Pyrola,  but  with  large  single  whit« 
blossoms. 

Lastly  we  have  the  Monotropeee,  represented  in  our 
country"  bv  the  single  species  Monotrnpa  Hypopitys — or 
Hypop'ifys'  Monotropa,  if  one  prefers  that.  This  curious 
fliiwer  has  none  of  the  characters  which  we  associate  with 
the  Heath  family.     It  is  a  pale  yellowish  plant,  devoid  of 


196 


KNOWLEDGE. 


[September,  1908. 


leaves,  and  sending  up  fleshy  scaly  stems  which  bear  a 
number  of  droopincr  flowers  of  the  same  hue.  The  Yellow 
Bird's-nest  (as  it  is  called,  from  its  resembUmce  to  the 
Bird's-uest  Orchis)  is  a  rare  and  rather  southern  plant 
in  Britain,  growing  in  thick  woods,  generally  under  Beech 
or  Fir  trees.  Its  whole  appearance — the  al^sence  of  leaves 
and  of  green  colouring  matter — suggest  a  parasitic  or 
saprophytic  habit.  If  we  examine  its  curiously  tangled 
root  system,  it  ^"ill  he  found  to  be  intimately  associated 
with  the  mycelium,  or  webby  underground  portion,  of  a 
fungus ;  and  the  plant  is  always  found  in  a  soil  rich  in 
humus — in  the  leaf-mould  that  forms  under  thick  trees. 
The  plant  feeds  on  the  decaying  vegetable  matter,  and 
apparently  the  j)rocess  is  rendered  easier — or,  perhaps, 
possible — by  the  presence  of  the  fungus,  whose  thready 
stems  are  closely  interwoven  with  the  tissue  of  the  root. 
The  relations  existing  between  the  fungus  and  the 
Monofropa,  with  reference  to  the  process  of  assimilation, 
however,  have  not  yet  been  made  clear. 

The  Gentian  family  is  tolerably  closely  related  to  that  of 
the  Heaths,  but  it  was  association,  rather  than  affinity, 
that  suggested  the  bracketing  of  the  two  in  the  present 
sketch.  Like  the  Heaths,  this  is  one  of  those  groups  of 
plants  whose  presence  makes  one  glad  with  the  thought 
that  towns  are  left  far  Ijehind,  and  that  sand-dune,  moor, 
and  mountain  are  around  one.  And  while  they  differ 
from  the  Heaths  in  being  all  herbaceous,  they  rank  worthily 
with  them  in  attractiveness  of  form  and  colour.  The  two 
leading  genera  are  Gentiana  and  Erythnea.  The  British 
Gentians  have  all  blue  or  purplish  flowers,  the  Centaurys 
all  pink.  Our  native  Gentians  are  five  in  number.  The 
largest  is  G.  Pneumonanthe,  the  so-called  Calathian  Violet, 
a  plant  confined  to  England,  so  far  as  the  British  Islands 
are  concerned.  Its  stems  are  about  a  foot  high,  ending  in 
large  upright  deep  blue  bells  with  five  segments,  each 
bearing  a  pale  stripe.  Next  come  our  two  commonest 
species,  G.  AmareUa  and  G.  campestris,  small  upright 
annuals,  growing  on  dry  heaths  and  pastui-es.  In  habit 
and  leaf  these  two  resemble  each  other,  but  they  may  lie 
easily  distinguished  by  the  calyx,  which  has  five  equal 
segments  in  G.  AmareUa,  four  unequal  segments  in  G. 
campestris.  The  corolla  is  likewise  five-parted  in  the 
former,  four-parted  in  the  latter.  Finally  we  have  two 
small  mountain  species.  G. 
nivalis  is  a  tiny  annual,  with  an 
upright  stem  and  bright  blue 
flower,  found  only  on  high 
mountains  in  Perth  and  I'orfar. 
Lastly  we  have  G.  veriia,  the 
most  beautiful  of  our  Gentians. 
It  is  a  little  tufted  perennial, 
which  in  spring  sends  up  a 
profusion  of  almost  stemless 
flowers  of  the  most  wonderful 
vivid  blue  colour.  It  is  a 
plant  of  limestone  rocks,  in 
England  confined  to  sub-alpine  situations  in  the  north, 
in  Ireland  occupying  a  large  area  of  low-lying  as 
well  as  upland  limestone  country  chiefly  around  Giilway 
Bay.  Though  so  local,  it  is  usually  abundant  where 
it  occurs  ;  and  the  Galway  pastures  in  April,  all 
painted  with  its  blossoms,  form  a  sight  never  to  be 
forgotten. 

The  Centaurys  recall,  in  their  dwarf  upright  groivth  and 
opposite  pairs  of  leaves,  the  annual  Gentians ;  but  their 
bright  pink  flowers  render  them  easily  recognizable  among 
all  the  summer  vegetation.  Several  forms  occur,  to  which 
some  botanists  assign  specific  rank,  while  others  treat  them 
as  sub-species  of  our  aggregate,  E.  Centaureum.  It  is 
needless  to  enter  into  the  charactei-s  of  these  forms  in  this 
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place.  Allied  to  Erythrxa  is  Cicendia,  of  which  our  only 
species,  C.  filiformis,  is  a  very  slender  and  almost  insignifi- 
cant ujmght  annual  like  a  tiny  Centaury  with  four-parted 
yellow  flowers.  It  grows  on  damp  sandy  ground  in  the 
south-west  of  England  and  of  Ireland.  The  genus  Cklora 
has  likewise  only  one  British  species,  the  well-known 
Perfoliate  Yellow-wort,  C.  perfolinta,  an  annual  plant  easily 
recognized  by  its  upright  almost  unbranched  stems,  with 
opposite  glaucous  leaves  joined  at  their  base,  and  bright 
yellow  flowers.  The  perfoliate  character 
of  the  leaves  is  worth  noting,  as  this  is 
one  of  the  few  British  plants  displaying 
that  feature. 

The  two  remaining  British  Gentianaceie 
are  plants  differing  widely  from  any  which 
we  have  considered  ;  a  difference  to  be 
chiefly  accounted  for,  no  doubt,  as  in  the 
case  of  Motiotropa,  by  the  different  walk 
of  life  which  they  have  chosen.  One  is 
a  marsh  plant,  the  other  a  water  jilant. 
The  Bog-bean  {Menijanthes  trifoliata) 
grows  in  wet  bogs  and  on  the  edges  of 
pools.  It  is  fleshy  in  all  its  parts, 
thick  as  one's  finger,  often  creep  for  several  yards.  They 
bear  leaves  with  three  broad  egg-shaped  leaflets,  and 
racemes  of  remarkably  pretty  flowers.  These  are  pink 
or  white,  and  the  inner  side  of  the  petals  is  densely 
covered  with  curious  thick  white  hairs,  which  give  the 
flowers  a  most  peculiar  appearance,  differing  from  that  of 
any  other  British  plant.  The  last  plant  of  the  Gentian 
family  is  Limnanthemnm  peltatum,  a  thorough  aquatic, 
living  in  ponds  and  slow  rivers.  This  plant  has  adopted 
the  floating  leaves  which  the  Water-Lilies  and  other 
plants  find  serviceable,  and  it  looks  very  like  a  miniature 
Water-Lily,  with  its  round  leaves  and  yellow  blossoms 
rising  from  among  them.  The  root-stock  is  far  below, 
creeping  in  the  mud,  and  sends  up  at  intervals  to  the 
surface  shoots  bearing  the  foliage  and  flowers.  This  is 
rather  rare  as  a  British  plant — at  least  as  a  native — 
occurring  chiefly  in  the  midland  coimties  of  England. 


Fig.  6.— Per- 
foliat«  leaves  of 
the  Yellow-wort. 
Half  natural  size. 

The    stems,   as 


MODERN     COSMOGONIES. 

By  Agnes  M.  Cleeke. 

IV.— TIDAL     FEICTION    AS    AN     AGENT     IN 
COSMOGONY. 

The  effects  of  tidal  friction  are  of  almost  infinite  com- 
plexity. How  it  ^yil\  act  in  each  particular  case  cannot  be 
predicted  off-hand  ;  it  is  a  matter  for  detailed  enquiry. 
Mutually  countervailing  influences  have  to  be  taken  into 
account ;  nor  is  the  balance  easy  to  strike.  How  it 
inclines  may  indeed  often  depend  upon  qualities  and 
relations  of  the  bodies  concerned  which  lie  outside  the 
range  of  what  can  be  distinctly  ascertained.  All  that  can 
be  hoped  for,  then,  is  to  arrive  at  estimates  neither 
misleading  by  their  ostensible  precision,  nor  yet  so 
vague  as  to  be  wholly  uninstructive,  of  the  part  played 
by  tidal  forces  in  moulding  the  history  of  connected 
globes. 

The  assumption  that  they  attract  one  another  as  if  the 
mass  of  each  were  collected  at  its  centre,  is  one  of  those 
convenient  fictions  without  which  the  advancing  feet  of 
science  would  be  impeded  by  entangled  thickets  of 
illusory  refinements  and  superfluous  elaborations.  Tlie 
fiction  would  correspond  with  fact  only  if  the  globes  were 
truly  spherical,  and  they  could  be  truly  spherical  only  if 
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they  were  ideally  riijid.  Cosmic  bodies,  however,  suns  and 
planets  alike,  are  actually  plastic  spheroids ;  they  can,  to 
lie  sure,  be  treated  without  sensible  error  as  attractive 
points  when  their  distances  are  very  great  relatively  to 
their  diameters  ;  but  uj)on  a  closer  approach  inequality 
of  action  supervenes.  The  component  parts  of  the 
gravitating  masses  respond,  each  individually,  and  in  a 
measure  independently,  to  the  graduated  pulls  exercised 
upon  them,  and  tidal  strains  begin  variously  to  take 
effect. 

Their  historical  significance  was  in  part  divined  by  Kant. 
His  penetration  of  so  recondite  a  secret  is  truly  astonishing. 
A  struggling  young  pedagogue  in  a  remote  Prussian 
province,  profoundly  learned,  though  no  more  than  half- 
skilled  in  technical  acquirements,  saw  by  intuition  what 
escaped  the  acumen  of  all  the  great  geometers  of  the 
eighteenth  century,  namely,  that  the  moon  turns  one 
perpetual  face  towards  the  earth,  because  its  primitive 
rotation  was  stopped  by  the  friction  of  earth-raised  tides. 
He  perceived  besides  that  a  reciprocal  action  of  the  same 
kind  must  affect  the  earth,  and  will  continue  to  affect  it 
until  the  day  coincides  in  length  with  the  month.  Nor  did 
he  fail  to  point  out  that,  m  a  molten  state  of  the  globes, 
the  process  would  advance  with  comparative  rapidity.  To 
one  solitary  thinker,  then,  it  became  apparent,  already  in 
1754,*  that  oceanic  tides  are,  in  cosmogony,  of  negligible 
importance  compared  with  bodily  tides. 

There  is  no  substance  in  natiu-e  that  will  not  change  its 
shape  through  prolonged  stress,  and  the  more  readily  the 
nearer  it  approaches  to  the  fluid  condition.  Tlie  measur- 
able heaping-up  of  the  waters  on  the  earth's  surface  at 
the  bidding  of  the  moou  is  thus  a  differential  effect.  It 
serves  to  gauge  the  relative  mobilities  of  the  solid  globe 
and  of  its  liquid  envelope.  If  the  foi-mer  did  not  yield  at 
all  to  the  pull  so  readily  obeyed  by  the  latter,  the  tides 
would  in  fact  be  greater  than  they  actually  are  in  the 
proportion  of  about  three  to  two,  the  ratio  indicating  for 
the  earth  an  effective  rigidity  at  least  equal  to  that  of 
steel,  t  If  there  were  no  discrepancy  in  rigidity  between 
the  various  parts  of  our  terraqueous  world  there  would  be 
no  perceptible  tides.  The  ocean  and  the  bed  of  the  ocean 
would  rise  and  fall  together,  and  to  the  same  extent.  In 
the  far  past,  however,  there  was  no  discrepancy.  The 
viscous  earth  took,  as  a  whole,  the  fonn  momentarily 
imjjressed  upon  it  by  the  unequal  attractions  of  the  sun 
and  moon  on  its  variously  distant  sections,  with  the 
upshot  of  bringing  the  year,  month,  and  day  into  rela- 
tions so  familiar  as  to  appear  inevitable. 

But  tidal  friction  does  not  merely  act  as  a  check  upon 
rotational  speed.  One  element  of  motion  in  a  system 
cannot  be  altered  without  some  counter-change  in  the 
others.  They  are  coupled  up  together  like  a  train  of 
geared  wheels.  From  the  principle  of  the  conservation  of 
moment  of  momentum,  we  know  with  certainty  that  a  loss 
in  one  direction  must  te  compensated  by  a  gain  in  some 
other.  Tidal  friction  had  then  reactive  c«msequences. 
They  were  first  adverted  to  by  Julius  Eolx'rt  Mayer  in 
1848,+  and  were  brought  prominently  into  view  in  the 
series  of  investigations  begun  by  Professor  Darwin  in 
1879.  The  rotational  momentum  removed  from  the  earth 
by  the  drag  of  a  circulating  wave  of  deformation  must 
•  assuredly  have  reappeared  in  some  other  part  of  the 
system.  It  was  restored,  in  fact,  by  tlie  widening  of  the 
lunar  orbit  §     Concomitantly  with  the  slackening  of  the 

•  "Sammtliche  Werke,"  Bd.  VI.,  pp.  5-12,  1839. 

t  Gr.  H.  Darwin,  "  Ency.  Brit.,"  art.  Tides. 

X  "  Dynamik  dos  Himmels,''  p.  411. 

§  Darwin,  Phil.  Traiis.,  Vol.  CLXXII.,  p.  528. 


earth's  axial  rate,  the  moon  retreated  from  its  surface 
]  lulled  forward  by  the  tidal  crest  continually  in  ailvance 
of  its  position.  This  redressed  the  balance  by  increasing 
orbital  momentum,  while  at  the  same  time  diminishing 
the  moon's  linear  velocity.  The  importance  of  this 
secondary  frictional  effect  in  the  history  of  the  earth- 
moon  system  was  the  virtual  discovery  of  Professor 
Darwin. 

That  system  occupies  a  critical  situation  in  the  solar 
cortege.  Tlie  planets  interior  to  it  have  no  satellites  ;  the 
planets  exterior  to  it  (Neptune  making  probably  only  an. 
apparent  exception  to  the  i-ule)  have  two  or  more.  The 
earth  alone  is  trulj'  binary  ;  and  the  moon  is  not  only  its 
solitaiT  companion,  but  it  is  by  far  the  largest  companion- 
body,  relatively  to  the  mass  of  its  primarv-,  to  be  found 
within  the  precincts  of  the  solar  domain.  These  circum- 
stances are  certainly  not  disconnected  one  from  the  other, 
and  they  obviously  depend  upon  a  single  cause.  Solar  tidal 
friction  was  here  the  determining  factor.  The  apportion- 
ment of  satellites  to  the  various  planets  was,  beyond  doubt, 
to  a  great  extent  prescribed  by  the  degrees  of  retarding 
power  over  their  axial  movement  brought  to  bear  through 
the  agency  of  sun-raised  tides  in  their  still  plastic  bodies. 
Hence  the  disruptive  rate  of  spinning  needed  for  the 
separation  of  satellites  was  never  attained  by  either  Mercury 
or  Venus ;  they  remained  moonless  for  all  time,  and 
exposed,  through  the  cutting  down  of  their  rotational 
velocity,  to  uncompensated  extremes  of  temperature.  How 
the  earth  was  to  fare  in  both  respects,  long  hung  in  the 
lialance.  Eighth'  to  forecast  its  destiny  would  indeed 
have  demanded  no  common  perspicuity  in  an  intelligent 
onlooker.  Although  the  solar  drag  upon  its  rotation  had 
no  more  than  one-eleventh  its  power  over  that  of  Yenus, 
it  nevertheless  sufficed  during  uncounted  ages  to  hinder 
acceleration  from  reaching  the  pitch  involving  instability. 
Our  embryonic  planet  had  long  ceased  to  be  nebulous,  and 
had  in  fact  shrunk  by  cooling  nearly  to  its  present  dimen- 
sions before  the  die  was  cast.  Then,  at  last,  the  hurrying 
effects  of  contraction  prevailed  over  slowing  down  by  tidal 
friction,  axial  speed  overbore  equilibrium,  and  the  spheroid 
divided.  Now  globes  thus  far  advanced  in  condensation 
are  apt  to  split  less  unequally  than  globes  in  a  more 
primitive  stage;  and  the  moou,  Ijecause  late-bom.  was  of 
large  size.  Its  mass  is  ^\  that  of  the  earth  ;  the  masses  of 
Titan  and  Saturn  are  as  1  to  4600  ;  wliile  Jupiter's  third  and 
greatest  satellite  contains  only  n^p,,  part  of  the  matter  en- 
globed  in  the  parent-body.  Moreover,  Professor  Darwin  has 
made  it  clear  that  the  satellites  of  Jupiter  and  Saturn  revolve 
now  in  orbits  not  widely  remote  from  those  at  first  pursued 
by  them ;  the  moon,  on  the  contrary,  having  started  on  its 
career  almost,  if  not  quite,  from  grazing  contact  with  its 
primary.  Owing  to  these  two  exceptional  circumstances^ 
its  considerable  relative  mass,  and  its  close  initial  vicinity 
— the  moon  wielded  over  the  earth  tidal  influence  incom- 
parably more  powerful  than  that  exerted  by  any  of  its 
compeers  in  the  sun's  realm.  Within  its  bounds,  accor- 
dingly, the  lunar-terrestrial  system  offers  an  unique 
example  of  a  pair  of  glolies,  the  mechanical  relations  of 
which  have  been  settled  on  their  present  basis  by  the 
predominating  agency  of  bodily  tides.  It  holds  forth, 
too,  the  one  case  in  which  origin  by  fission  was  possible. 
Professor  Darwin's  communication  to  the  Eoyal  Society 
in  187!>  occasioned  a  remarkable  diversion  of  ideas. 
Saturn's  Eings  were  at  last  perceived  to  be  illustrative 
of  only  one  among  many  feasible  modes  of  cosmic  growth. 
It  became  clear  that  a  single  cut-aud-dried  method  would 
not  answer  all  the  infinitely  varied  i>urposes  of  creative 
design.  Auuulation  might  have  served  its  turn,  but  there 
were  alternatives.  A  fresh  stand-point  was  virtually 
attained,  and  the  wide  prospect  commanded  by  it  begins 
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already  to  spread  ovit  invitingly  before  the  gaze  of  investi- 
gators. 

But  whether  the  moon  emerged  from  the  earth  as  a 
protuberance,  or  was  abandoned  by  it  as  an  equatorial  ring, 
it  was  revolving,  when  our  theoretical  acquaintance  with 
it  begins,  in  a  jieriod  of  not  less  than  two,  and  not  more 
than  four  hours,  quite  close  to  the  earth's  surface  ;  while 
the  nearly  isochronous  rotation  of  the  earth  was  conducted 
with  all  but  disruptive  rapidity.  The  situation  is  so 
suggestive  that  it  needs  only  a  short  and  tolerably  safe 
leap  in  the  dark  to  reach  the  conclusion  that  the  two  gloljes 
had  very  recently  been  one.  With  their  division,  at  an  epoch 
estimated  to  have  been  at  least  fifty-four  million  years 
ago,  the  process  began  by  which  the  moon  was  pushed 
back  along  a  widening  spiral  course  to  its  present  position, 
the  vanished  rotational  momentum  of  the  earth  cropping 
up  again  in  the  augmented  orbital  momentum  of  the 
moon.  And  the  transformation  is,  at  least  in  theory,  still 
gomg  on. 

Tidal  friction  has  further  capabilities.  The  transfer- 
ence of  momentum  from  one  part  of  a  system  to  another 
is  only  the  most  obvious  among  the  crowd  of  its  results. 
Scarcely  au  element  of  movement  escapes  its  influence. 
It  increases,  as  a  rule,  orbital  eccentricity.  The  smallest 
initial  deviation  from  circularity  develops,  through  the 
inequality  of  accelerative  action  thence  ensuing,  into 
pronounced  ovalness.  That  of  the  moon's  path  can  in 
this  way  be  accounted  for.  Moreover,  its  plane  was,  in  all 
probability,  shifted  simultaneously,  and  under  com- 
pulsion of  the  same  power,  from  its  original  coincidence 
with  the  earth's  equatorial  plane  to  the  level  now  occupied 
by  it.  The  obliquity  of  the  ecliptic,  too,  is  partially 
explicable  on  the  same  principle.  '•  The  present  motion  of 
the  two  bodies  "  (to  quote  Professor  Darwin's  words)  are 
"  completely  co-ordinated  by  the  theory  that  tidal  friction 
was  the  ruling  power  in  their  evolution."  Holding  this 
clue,  we  are  enabled  to  trace  them  back  to  the  start  of  their 
dual  existence,  and  to  follow  the  insensible  modifications 
by  which  theii'  state  was  moulded  to  its  actual  form. 

In  no  other  satellite- system  is  this  possible.  No 
moon  besides  our  own  possesses  a  stock  of  orbital 
momentum  large  enough  to  intimate  for  it  an  analogous 
history.  The  planetary  attendants  travel  nearly  in  their 
original  tracks  ;  the  fluid  ripples  raised  by  them  on  the 
surfaces  of  their  primaries  lacked  power  to  displace  them. 
Their  own  rotation,  indeed,  seems  to  have  been  completely 
destroyed.  Destroyed,  that  is,  relatively  to  the  destroying 
body.  There  is  a  certainty  that  some,  there  is  the  strongest 
likelihood  that  all  of  the  Jovian  and  Saturnian  satellites 
turn  unchangingly  the  same  face  inward.  They  rotate  in 
the  periods  of  their  several  revolutions,  just  as  our  moon 
does,  and  as  a  consequence  of  the  same  cause.  Tidal 
friction,  however,  appears  to  have  been  otherwise  of  sub- 
ordinate importance  in  shaping  their  dynamical  relations. 

The  agency  will  not,  then,  serve  in  all  cases  for  a  deus  ex 
machind.  It  is  not  indiscriminately  efiicacious.  The  modes 
of  its  action  have,  in  each  of  the  systems  considered,  to  be 
delicately  distinguished.  The  stage  of  development  arrived 
at  by  the  globes  affected,  their  degree  of  viscosity,  their 
comparative  mass  and  bulk,  their  modes  of  motion,  all 
avail  profoundly,  and  it  may  be  incalculably,  to  modify 
the  outcome.  The  facility  of  error  in  estimates  of  the 
kind  is  illustrated  by  Professor  Darwin's  remark  that  the 
magnitude  of  the  tide-raising  force  is  only  one  factor  of 
the  product.*  The  other  is  relative  movement.  Now,  in 
the  case  of  the  moon,  the  former  continually  augmented 
retrospectively,  while  the  latter  fell  off.  Tidal  generative 
power  varies  inversely  as  the  cube  of  the  distance  ;  in 
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antique  times,  then,  when  the  earth  and  moon  revolved 
contiguously,  the  bodily  distortions  they  mutually  pro- 
duced must  have  been  on  an  extremely  large  scale.  Yet, 
because  of  the  near  coincidence  of  the  periods  of  the 
globes,  they  must  have  been  almost  inoperative  for  fric- 
tional  purposes.  The  travelling  of  the  piled-up  matter 
over  their  surfaces  was  too  slow  to  lend  it  much  efficiency 
as  a  frictiou-brake.  The  insignificant  waves  raised  by  the 
sun  were,  we  are  led  to  believe,  because  of  their  swift 
relative  motion,  more  influential  at  that  early  epoch  in 
checking  terrestrial  rotation  than  the  colossal,  but  nearly 
stationary,  waves  due  to  the  moon. 

Numerical  calculations,  where  they  are  practicable, 
afford  the  only  safe  guide  to  this  intricate  field  of  enquiry. 
It  does  not  suffice  to  show  that  tidal  action  would  have 
been  of  the  kind  required — would  have  taken  the  right 
direction — for  bringing  about  some  apparently  anomalous 
result.  Proof  must  besides  be  forthcoming  that  the  action 
would  have  been  of  adequate  power.  Plausible  guesses  on 
the  subject  may  be  entirely  fallacious.  The  machine,  even 
if-  properly  constructed  for  the  end  in  view,  may  work  too 
feebly  for  its  attainment.  We  are,  for  instance,  assured 
that  no  difficulty  connected  with  the  sense  of  planetary 
rotation  need  impede  acceptance  of  the  theory  of  planetary 
origin  from  separated  rings,  since  even  if  the  embryo 
globes  gyrated  the  wrong  way  at  the  outset,  solar  tidal 
friction  would  promptly  have  reduced  them  to  conformity 
with  the  general  current  of  movement.  This  is  true  in 
principle ;  but  will  it  l)ear  quantitative  investigation  ? 
Many  promising  hypotheses  have  broken  down  under  the 
weight  of  figures  ;  whether  this  particular  one  is  strong 
enough  to  survive  their  application  remains  to  be  seen. 
We  are,  indeed,  sure  of  its  validity  as  regards  Mercury, 
but  the  efficacy  of  tidal  friction  decreases  as  the  sixth 
power  of  increasing  distance,  and  the  actual  rotation  of 
Venus  furnishes  an  enigma  sufficiently  perplexing  to 
discourage  scrutiny  of  its  dimly  discerned  antecedent 
conditions.  As  regards  the  earth  and  the  exterior  planets, 
the  question  could  only  be  answered  with  the  help  of 
information  which  is  not  forthcoming. 

Prof.  Darwin's  researches  were  fruitful  just  because 
they  were  definite.  They  demonstrated,  once  for  all,  the 
power  of  tidal  friction  as  a  cosmogonic  agency,  and 
indicated  clearly  the  departments  of  cosmogonic  change  in 
which  its  competence  lay.  They  availed,  moreover,  to 
determine  for  the  earth-moon  system  the  amount  of  work 
actually  done  by  tidal  friction  in  these  several  departments, 
and  to  prove  its  large  excess  over  the  corresponding  output 
in  any  other  sub-system  falling  within  the  sphere  of 
observation.  This  memorable  result  suggests  that  our 
terrestrial  home  may  be  singular,  not  only  in  its  evolutionary 
history,  but  in  the  innumerable  adjustments  fitting  it  to 
be  the  abode  of  life. 

The  relations  of  the  earth  and  moon  adumbrate,  and 
scarcely  more  than  adumbrate,  the  physical  influences 
mutually  exerted  upon  each  other  by  numerous  twin- 
globes  in  stellar  space.  Tidal  friction  is  of  maximum 
power  in  systems  formed  of  equal  masses  ;  and  those  of 
double  stars  are  seldom  widel_y  disparate.  Most,  if  not  all 
of  them,  were,  besides,  primitively  very  near  neighbours ; 
so  that  their  symmetry  must  have  been  marred  by  con- 
spicuous tidal  deformations.  The  results  upon  their 
development  have  been  expounded  in  detail  by  Dr.  See. 
One  of  the  most  remarkable  is  the  high  average  eccentricity 
of  their  orbits.  Visual  binaries,  with  few  exceptions,  travel 
in  consideralily  elongated  ellipses,  while  spectroscopic 
binaries  usually  pursue  sensibly  circular  paths.  Dr.  See's 
argument  that  their  eccentricity  was  acquired  during  the 
process  of  separation,  under  the  influence  of  tidal  friction, 
is  well-nigh  irresistible.     True,  this  line  of  explanation  is 
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not  wholly  clear  of  obstacles  and  incongruities.  Yet  they 
may  probably  be  described  as  of  a  complicating,  rather 
than  of  a  contradictory  kind.  The  theory  of  tidal  friction 
is  not  an  universal  solvent  of  tlie  difficulties  encountered 
in  the  study  of  double  stars.  That  the  mode  of  action  it 
deals  with  had  a  contributory  share  towards  regulating 
their  mechanical  arrangements  may,  nevertheless,  be 
regarded  as  certain,  while  the  energy,  and  perhaps  even 
the  manner  of  its  operation,  varied  extensively  from  system 
to  system.  What  precisely  it  effected  in  each  lies  beyond 
our  reach  to  detennine.  For  the  data  available  regarding 
the  viscosity,  density,  and  axial  movements  of  Hedgeling 
star-pairs  must  always  be  too  scanty  and  insecure  to 
l)rovide  a  basis  for  rigorous  computations.  The  mystery 
of  the  fore-time  can  never  be  entirely  dissipated.  Enough 
if  we  can  look  at  it  through  a  glass  which  darkens,  without 
distorting,  the  objects  presented  in  its  field  of  view. 


STELLAR    SATELLITES. 

By  J.  E.  Gore,  f.k.a.s. 

The  term  satellite  is  usually  applied  to  the  moons  which 
revolve  round  the  planets  of  the  solar  system,  like  our 
own  moon  and  the  moons  of  Jupiter  and  Saturn.  But  the 
term  is  also  sometimes  used  with  reference  to  the  faint 
companions  of  bright  stars.  In  most  of  the  known  binary, 
ur  revolving  double  stars,  the  com]>onent  stars  which  form 
these  stellar  systems  are  usually  of  nearly  ecjual  brightness, 
or  at  least  do  not  differ  very  much  in  relative  brilliancy. 
These  may  be  called  pairs  of  suns,  or  "  twin  suns."  There 
are,  however,  some  notable  exceptions  to  this  rule.  Among 
those  binaries  tor  which  orbits  have  been  computed  the 
following  are  the  most  remarkable: — Procyon,  magnitudes 
05  and  13  (or  12|  magnitudes  difference  in  brightness)  ; 
Sirius,  magnitudes  r62  and  10  (about  11^  magnitudes 
difference)  ;  8  Cygni,  3  and  8  ;  'M  Herculis,  6  and  1 1 ; 
85  Pegasi,  6  and  10  ;  and  t)  Cassiopeiae,  4  and  70.  Of 
those  double  stars  which  are  known  to  be  binary,  but  in 
which  the  motion  hitherto  has  not  been  sufficient  to  enable 
an  orbit  to  be  computed,  the  following  may  be  mentioned: — 
0  Ursa?  Majoris,  3  and  14;  a,  Ursae  Majoris,  2  and  11; 
/3  Leporis,  3  and  11  ;  i  Ursse  Majoris,  3  and  10 ; 
1)  Gcminorum,  3  and  10 ;  34  Pegasi,  (J  and  12 ;  and 
26  Draeonis,  5tV  and  11. 

According  to  an  orbit  computed  by  Dr.  See,  and  a 
parallax  of  0"'38  found  by  Sir  David  Gill,  the  mean 
distance  of  the  companion  of  Sirius  from  the  bright  star 
is  about  21  times  the  earth's  distance  from  the  sun,  or  a 
little  more  than  the  distance  of  Uranus  from  the  sun.  The 
mass  of  the  system  is  347  times  the  sun's  mass,  the  bright 
star  being  236  times,  and  the  satellite  111  that  of  the 
sun.  With  the  above  distance  I  find  that  the  satellite,  as 
seen  from  Sirius,  would  shine  with  about  the  brightness 
of  full  moonlight.  As  the  mass  of  the  satellite  is  about 
the  same  as  tliat  of  our  sun,  its  inherent  light  must  be 
very  small.  If  the  sun  were  placed  at  the  same  distance 
from  the  earth  its  light  would  still  be  more  than  1300 
times  that  of  the  full  moon. 

The  bright  star  Procyou  forms  a  very  similar  system  to 
that  of  Sirius.  A  close  companion  was  strongly  suspected 
by  Otto  Struve  in  1873,  and  this  was  discovered  in 
November,  1896,  by  Schaeberle  with  the  great  36-incli 
telescope  of  the  Lick  Observatory.  It  is  about  the  13th 
magnitude.  Dr.  See  finds  a  period  of  about  40  years,  or 
about  the  same  as  that  found  by  Auwers  in  1861,  from  a 
consideration  of  some  irregularities  in  the  proper  motion 
of  Procyon.  Dr.  See  finds  the  mean  distance  to  be  21  times 
the  sun's  distance  from  the  earth,  and  the  mass  of  the 


satellite  equal  to  that  of  the  sun,  or  the  same  as  in  the 
Sirian  system.  The  proper  motion  of  Procyon  is  about 
the  same  as  that  of  Sirius — 1-3  seconds  of  arc  per  annum 
—and  its  parallax  about  0"-32,  only  slightly  less.  The 
similarity  of  the  two  systems  of  Sirius  and  Procyon,  in 
almost  every  particular,  is  very  curious.  The  spectrum  of 
Procyon  is,  however,  of  the  second  or  solar  type,  and  its 
mass  about  double  that  of  Sirius.  As  Sirius  is  considerably 
brighter  than  Procyon  (about  two  magnitudes),  we  have 
here  another  proof  that  stars  with  the  solar  type  of 
spectrum  have  a  larger  mass  in  proportion  to  their 
brilliancy  than  stars  of  the  Sirian  type,  or,  in  other  words, 
of  two  stars  having  the  same  mass,  but  one  with  a  Sirian 
and  the  other  with  a  solar  spectrum,  the  Sirian  star  would 
be  much  brighter  than  the  solar  one. 

The  6th  magnitude  star  85  Pegasi  has  a  "  satellite  "  of 
the  lOtli  magnitude.  It  is  a  binary  star,  and  Dr.  See  finds 
a  period  of  24  years,  with  a  mean  distance  of  0"89. 
Burnham  finds  257  years,  and  0''-78.  The  proper  motion 
of  the  system  is  about  1"'3,  and  a  small  parallax  of  0"  054 
was  found  by  Brunnow.  From  these  data  I  find  that  the 
mean  distance  is  about  15  times  the  earth's  distance  from. 
the  sun.  The  orbits  referred  to  above  give  the  mass  of 
the  system  from  4  to  8  times  the  sun's  mass.  The  satellite 
as  seen  from  the  primary  star  would  shine  as  a  small  sun, 
so  that  it  must  be  considered  rather  as  a  companion  sun 
than  a  satellite.  The  accuracy  of  the  small  parallax  is  of 
course  somewhat  doubtful,  but  if  nearly  correct  the  large 
proper  motion  would  indicate  a  velocity  of  about  70  miles 
a  second. 

In  addition  to  the  above  there  are  some  stars  which 
have  faint  companions  "  or  satellites,"  the  measures  of 
which  do  not  (Jircdhj  show  orbital  motion,  but  which  are 
known  to  bo  physically  connected,  from  the  fact  that  the 
bright  star  and  its  faint  attendant  have  the  same  "  common 
proper  motion."  In  other  words  they  are  moving  together 
through  space  with  the  same  velocity  and  in  the  same 
direction,  and  ai-c  therefore  most  probably  near  enough 
to  be  liiikiMl  together  by  the  laws  of  gravitation.  In  such 
cases  the  "  satellite  "  probably  revolves  round  its  primary, 
but  owing  to  the  great  distance  from  its  central  sun,  the 
period  of  revolution  would  be  very  long,  and  the  angular 
motion  would  not  be  perceptible  for  many  years  at  the 
great  distance  at  wliicli  the  system  usually  lies  fmrn  the 
earth.  Let  us  consider  some  of  these  stellar  systems. 
From  the  apparently  great  apparent  distance  which 
separates  these  satellites  from  the  i)rimary  star,  they  seem 
to  be  constituted  on  a  much  vaster  scale  than  those  binary 
stars  in  which  the  motion  is  so  rapid  that  an  orbit  can  be 
computed.  We  will  consider  those  stars  for  which  a 
measurable  parallax  has  been  found,  and  for  which, 
therefore,  the  distance  from  the  earth  is  approximately 
known. 

The  bright  reddish  star,  Aldebaran,  has  a  faint  satellite 
of  about  the  11th  magnitude,  at  a  distance  of  about 
1 1 7  seconds  of  arc,  which  was  originally  discovered  by  Sir 
William  Herschel.  In  the  year  1888,  "this  faint  star  was 
found  to  be  a  close  double  star  by  the  famous  American 
astronomer  Burnham,  with  the  36-inch  telescope  of  the 
Lick  Observatory.  He  also  found  a  closer  and  fainter 
companion — about  the  14th  magnitude— while  iising  the 
18i-inch  telescope  of  the  Chicago  Observatory  in  the  year 
1877.  The  distance  of  this  faint  satellite  from  the  bright 
star  is  about  31".  Measures  in  subsequent  years  have 
shown  that  the  distant  double  companion  is  not  moving 
with  Aldebaran.  which  has  a  proper  motion  of  about  0"-19 
per  annum,  but,  curious  to  say,  Burnham's  faint  com- 
panion has,  notwithstanding  its  comparatively  great 
distance  from  Aldebaran,  exarilii  the  same  projjer  motion 
as    the     bright   star,   and   is    therefore    most   probably 
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physically  connected  with  it.  The  result  of  this  is  that 
Herschel's  distant  companion  is  being  gradually  left 
behind — at  least  for  the  present — while  Burnhain's  com- 
panion is  accompanying  Aldebaran  in  its  flight  through 
space.  A  parallax  of  0"'107  was  recently  found  for 
Aldebaran  at  the  Tale  University  Obsei-vatory,  U.S.A. 
Assuming  this  jiarallax  and  the  above  proper  motion,  the 
velocity  of  Aldebaran  at  right  angles  to  the  line  of  sight 
comes  out  about  five  miles  a  second.*  The  double  com- 
panion has  a  proper  motion  of  its  own  in  a  slightly 
different  direction,  amounting  to  about  half  that  of 
Aldebaran.  As  this  proper  motion,  small  as  it  is,  is  an 
unusually  large  one  for  so  faint  a  star,  it  has  been 
suggested  by  Prof.  Barnard  that  possibly  its  apjiareut 
motion  may  be  really  due  to  orbital  motion  round  Alde- 
baran. However  this  may  be — and  time  alone  can  decide 
the  question-  there  can  be  no  doubt  that  Burnham's 
faint  satellite  is  physically  connected  with  Aldebaran,  and 
that  the  double  companion  also  forms  a  physical  system 
of  its  own.  These  facts  render  Aldebaran  and  its  com- 
panions an  interesting  object  of  study. 

Assuming  that  the  line  joining  Aldebaran  and 
Burnham's  faint  companion  is  at  right  angles  to  the  line 
of  sight — an  assumption  which  would  give  the  minim ii in 
distance  between  them — I  find  that  the  distance  of  the 
satellite  from  Aldebaran  is  about  300  times  the  earth's 
distance  from  the  sun.  Placed  at  this  great  distance  from 
its  central  sun  (10  times  the  distance  of  Neptune  from 
our  sun),  the  period  of  revolution  round  Aldebaran  would 
be  very  long,  and  it  is  not  a  matter  for  surprise  that 
no  relative  motion  has  been  detected  in  the  25  years 
which  have  elapsed  since  its  discovery.  It  will  probably 
be  many  years  more  before  its  motion  round  its  brilliant 
primary  will  become  perceptible.  Were  our  own  sun 
])laced  at  the  distance  of  Aldebaran,  I  find  that  it  would 
be  reduced  in  brightness  to  a  star  of  about  the  5th 
magnitude,  or  about  40  times  fainter  than  Aldebaran 
appears  to  us.  This  indicates  that  Aldebaran  is  a  more 
massive  sun  thau  ours,  and  by  its  greater  attractive  power 
it  may  be  able  to  control  the  motion  of  its  distant  satellite. 
As  light  varies  inversely  as  the  square  of  the  distance, 
if  we  know  the  distance  of  Aldebaran  from  the  earth  and 
the  distance  of  the  satellite  from  Aldebaran,  we  can  easily 
compute  the  brightness  of  the  satellite  as  seen  from 
Aldebaran,  or  from  some  planet  revolving  close  to  the 
bright  star.  Making  the  necessary  calculation,  I  find  that 
the  light  of  the  satellite  would  be  increased  by  19  magni- 
tudes, if  seen  at  the  distance  of  300  times  the  sun's 
distance  from  the  earth.  Hence,  as  seen  from  Aldebaran, 
the  satellite  would  shine  as  a  star  of  —  5  magnitude,  that 
is  5  magnitudes,  or  100  times  brighter  than  a  star  of 
zero  magnitude,  like  Arcturus,  or  somewhat  brighter  than 
Venus  is  seen  by  us  at  the  time  of  her  greatest  brilliancy. 

A  somewhat  similar  case  is  that  of  Regulus  (a.  Leonis). 
This  bright  star  has  a  satellite  of  about  8^  magnitude  at  a 
distance  of  about  177".  This  was  found  to  be  double  by 
Wiulock,  the  companion  being  of  the  13th  magnitude  and 
distant  about  3''  from  the  8^  magnitude  star.  Burnham's 
measures  show  that  this  double  companion  is  moving 
through  space  with  Regulus,  the  common  proper  motion 
being  0"-267  per  annum.  A  small  parallax  of  0"'022  was 
recently  found  for  Regulus  at  the  Tale  Observatory. 
With  these  data  I  find  that  the  distance  of  Regulus  from 
the  earth  is  9,375,000  times  the  sun's  distance  from  the 
earth,  and  the  85  mag.  star  is  at  a  distance  from 
Regulus  of  about  8000  times  the  same  unit.  From  this  it 
follows  that  the  8|  mag.  star,  as  seen  from  Regulus,  would 
shine   as   a   star  of  —  65  magnitude,  or   about   8  times 

*  The  motion  in  the  line  of  sight  seems  to  be  much  greater. 


brighter  than  Venus  at  her  brightest.  The  13  mag.  star 
would  appear  as  a  star  of  —  2  magnitude,  or  somewhat 
brighter  than  Sirius  as  seen  by  us.  The  combination  of  a 
star  8  times  lirighter  than  7enus  with  one  as  bright  as 
Sirius,  and  about  one  degree  apart,  would  form  a  fine 
spectacle  in  the  sky  of  Regulus  Our  sun  placed  at  the 
distance  of  Regulus  would,  I  find,  shine  as  a  star  of  about 
83  magnitude,  or  about  the  same  brightness  as  the 
satellite  appears  to  us.  The  satellite  is  therefore  probably 
as  large  as  our  own  sun.  The  difference  of  about  7  magni- 
tudes between  Regulus  and  the  sun  at  equal  distances 
indicates  that  Regulus  is  over  600  times  brighter  than  the 
sun.  It  must  therefore  be  a  very  massive  body,  probably 
much  larger  thau  Sirius,*  and  may  therefore  be  able  to 
control  the  motions  of  a  satellite  even  at  the  great  distance 
of  8000  times  the  earth's  distance  from  the  sun.  The 
par  illax  and  proper  motion  of  Regulus  indicates  that  its 
velocity  at  right  angles  to  the  line  of  sight  is  about  36 
miles  a  second. 

The  bright  star  Rigel  (/S  Orionis)  has  a  companion  of 
the  8th  magnitude  at  a  distance  of  9|",  discovered  by 
Sir  William  Herschel.  This  small  star  was  found  to  be 
an  exceedingly  close  double  star  by  Burnbam  in  1871. 
The  measures  are  not  yet  sufficient  to  enable  an  orbit  to 
be  computed,  but  Burnham  thinks  that  the  period  may 
possibly  be  very  short.  The  measures  of  the  8th  magnitude 
companion  with  reference  to  Rigel  do  not  yet  indicate  any 
well-defined  motion,  Ijut  as  it  has  the  same  proper  motion 
as  Rigel  it  is  certain  that  there  is  a  physical  connection 
lietween  them.  The  proper  motion  is  small — about  0"'018 
per  annum.  According  to  Sir  David  Gill,  the  parallax  of 
Rigel  does  not  exceed  the  hundredth  of  a  second,  or  0'  '01. 
Assuming  this  parallax,  the  distance  of  Rigel  would  be  at 
least  20  million  times  the  sun's  distance  from  the  earth, 
and  considering  its  great  apparent  brilliancy  (0'28  magni- 
tude) it  is  probably  a  sun  of  enormous  size.  Placed  at 
the  distance  indicated  by  the  above  parallax  the  sun  would, 
I  find,  be  reduced  to  a  star  of  about  the  10th  magnitude. 
A  parallax  of  0"01  would  place  the  satellite  at  a  distance 
from  Rigel  of  950  times  the  sun's  distance  from  the  earth. 
At  this  distance  its  magnitude  as  seen  from  Rigel  would 
be  about  —  13J,  or  somewhat  brighter  than  our  moon 
appears  to  us. 

The  4^  magnitude  star  0^  (40)  Eridani  has  a  small 
companion  of  about  the  9th  magnitude,  at  a  distance  of 
about  82''.  This  satellite  was  found  to  be  double  by  Sir 
William  Herschel  in  1783.  It  is  a  binary  pair,  and 
Burnham  finds  a  period  of  about  180  years.  It  has  the 
same  large  proper  motion  as  the  l)right  star,  about  4"'l 
per  annum,  and  a  parallax  found  by  Hall  of  0"22.  This 
gives  a  distance  from  the  eai-th  of  937,570  times  the  sun's 
distance,  and  a  distance  between  the  bright  star  and  its 
binary  companion  of  372  times  the  distance  of  the  earth 
from  the  sun.  The  measures  of  position  show  evident 
signs  of  orbital  motion,  but  the  period  is  probably  very 
long,  perhaps  several  thousand  years.  Placed  at  the 
distance  of  0-  Eridani,  the  sun  would,  I  find,  be  reduced 
to  a  star  of  about  3i  magnitude,  or  about  one  magnitude 
(2^  times)  brighter  than  the  star.  I  find  that  the  binary 
satellite  seen  from  its  primary  would  give  the  light  of  a 
star  of  about  —  8  magnitude,  or,  in  other  words,  the  light 
of  a  small  moon.  The  parallax  and  proper  motion 
indicate  a  velocity  across  the  line  of  sight  of  about  54 
miles  a  second. 

It  was  suggested  by  Sir  John  Herschel  with  reference 
to  the  faint  companion  of  t  Ursse  Majoris,  that  it  might 
possibly  shine  by  light  reflected  from  the  bright  star,  and 

*  Regulus  has  a  spectrum  of  the  Sii-ian  tjpe. 
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Admiral  Smyth  remarked,  with  i-eference  to  the  double 
star  Struve  946,  "  the  possibility  of  the  comes  being 
variable  awakens  considerations  of  peculiar  interest ;  it 
having  been  surmised  that  certain  small  acolyte  stars 
shiue  by  reflected  light."  '•  But  it  may  be  easily  shown 
that  this  is  highly  improbable,  if  not  impossible.  Let  us 
take  the  system  of  Sirius.  In  this  case  the  satellite — 
although  very  faint  for  its  computed  mass — certainly  does 
not  shine  by  reflected  light  from  Sirius.  This  will  appear 
from  the  following  considerations  which  I  have  carefully 
worked  out.  Assuming  for  a  moment  that  the  satellite 
shines  merely  by  reflected  light,  let  us  see  what  its 
brightness  would  be  as  seen  from  the  earth.  According  to 
the  computed  orbit  and  parallax  of  Sirius — which  are 
probably  as  reliable  as  those  of  any  binary  star  hitherto 
computed — the  mean  distance  of  the  satellite  from  the 
bright  star  is  a  little  more  than  the  distance  of  Uranus 
from  the  sun.  Let  us  assume  this  distance.  (A  greater 
distance  would  strengthen  my  argument.)  As  the  com 
puted  mass  of  the  satellite  is  about  the  same  as  that  of 
the  sun,  let  us  assume  that  it  has  the  same  diameter  or 
866,000  miles  (a  smaller  diameter  would  of  course 
strengthen  my  argument),  and  let  us  take  the  diameter  of 
Uranus  at  33,000  miles — which  is  very  near  the  truth. 
Now  assuming  the  same  ''  albedo,"  or  reflective  power  for 
Uranus  and  the  satellite  of  Sii'ius  (the  albedo  of  Uranus 
is  very  high),  we  have  the  satellite,  as  seen  from  Sirius, 
shining  with  a  greater  brilliancy  than  Uranus  as  seen 
from  the  sun  in  the  proportion  of  866,000  squared  to 
33,000  squared,  or  as  688  to  1.  This  is  on  the  assumption 
that  Sirius  and  the  sun  are  of  equal  brightness.  But 
from  the  photometric  measures  of  Sirius,  and  its  known 
distance  from  the  earth,  I  find  that  Sirius  is  at  least  20 
times  brighter  than  our  sun.  We  must,  therefore,  increase 
the  above  ratio  2<)  times  to  obtain  the  illumination  of  the 
satellite  by  the  light  of  Sirius.  This  gives  688x20= 
13,760.  That  is,  the  satellite  as  seen  from  Sirius  would 
be  about  13,760  times  brighter  than  Uranus  as  seen  from 
the  sun.  This  number  corresponds  to  10'3  stellar  magni- 
tudes. Now,  taking  the  magnitude  of  Uranus,  as  seen 
from  the  sun,  at  58  (which  must  be  very  near  the  truth), 
we  have  the  brightness  of  the  Siriau  satellite,  as  seen  from 
Sirius,  equal  to  -SS  —10-3,  or  -4-5  magnitude,  that 
is,  4i  magnitudes  brighter  than  a  star  of  zero  magnitude, 
like  Arcturus,  or  slightly  brighter  than  Venus  appears  at 
her  greatest  brilliancy  as  seen  from  the  earth.  Now,  the 
the  simple  problem  is  this  :  if  a  body  shines  with  a  stellar 
magnitude  of  —  4'5  as  seen  at  the  distance  of  Uranus, 
what  would  be  its  magnitude  if  jilaced  at  the  distance  of 
Sirius  ?  Taking  the  parallax  of  Sirius  at  0""38,  we  have 
its  distance  from  the  earth  equal  to  542,800  times  the  sun's 
distance  from  the  earth.  Hence  the  light  of  a  body  at  the 
distance  of  Uranus  would,  if  removed  to  the  distance  of 
Sirius,  be  reduced  in  the  proportion  of  the  srjuare  of 
542,800  to  the  square  of  19,  or  as  816,244,900  to  1.  This 
corresponds  to  223  stellar  magnitudes.  Hence  the  mag- 
nitude of  the  satellite  of  Sirius,  as  seen  from  the  earth — 
(/  shining  only  by  rejh'clcl  liijht  from  Sirius— would  be 
22'3  —  4'5,  or  17'8  magnitude,  and  it  would  therefore  be 
quite  invisible  in  the  great  40-iuch  telescope  of  theYerkes 
Observatory,  even  if  seen  on  a  dark  sky,  the  smallest  star 
visible  in  that  telescope  being  about  the  17th  magnitude. 
As  its  actual  brightness  is  about  the  10th  magnitude,  it 
follows  that  it  is  about  loOO  times  brighter  than  if  it 
shone  merely  by  reflected  light,  and  it  is  evident  that  it 
must  have  some  inherent  light  of  its  own.  I  have  shown 
in  the  beginning  of  this  paper  that  the  actual  brightness 
of  the  satellite,  as  seen  from  Sirius,  is  equal  to  that  of  full 


moonlight  on  the  earth.  We  shovdd  obtain  a  very  similar 
result  if  we  assumed  that  Sirius  is  very  much  brighter 
than  20  times  the  brightuess  of  the  sun.  If  we  assume  it 
to  be  lO  times  brighter  than  this,  or  200  times  the  sun's 
brightness — a  very  improbable  sujiposition — we  should 
still  have  the  satellite  reduced  to  about  the  15th  magni- 
tude, and  placed  as  it  is  so  close  to  such  a  brilliant  star  as 
Sirius,  it  would  probably  still  remain  invisible  in  our 
largest  telescopes.  The  assumption  I  have  just  made  is, 
however,  quite  inadmissible,  for  if  we  increase  the  light  of 
Sirius  we  must  increase  its  distance  also,  and  this  would 
further  diminish  the  computed  light  of  the  satellite.  We 
may,  therefore,  dismiss  the  idea  that  the  satellite  of  Sirius 
could  possibly  shine  merely  by  reflected  light  from  its 
primary.  The  same  considerations  will  apply  to  the  case 
of  Procyon  and  its  satellite,  and  with  greater  force,  as 
the  satellite  of  Procyon  is  about  three  magnitudes  fainter 
than  the  Sirian  satellite,  and  Procyon  is  a  less  luminous 
sun  than  "  the  monarch  of  the  skies." 


Bedford  Catalui/ue,  p.  155. 


PHOTOGRAPHS  OF  COMET  c  1903  (BORELLY). 

By  Isaac  Egberts,  d.sc,  f.e.s. 

The  comet  was  discovered  on  the  21st  of  June  by  M. 
Borelly,  at  the  Observatory  of  Marseilles,  and  the  fact  was 
immediately  communicated  to  the  Central-Slelle  at  Kiel, 
from  which  centre  Prof.  Kreutz  distributed  the  information 
to  all  the  principal  observatories  in  Europe  and  in  America. 
Ephemerides  of  the  positions  and  orbit  of  the  comet  were 
quickly  issued,  by  aid  of  which  astronomers  could 
follow  its  movements  in  the  sky  and  make  their  observa- 
tions upon  it. 

The  three  photographs  annexed  hereto  were  taken  on 
the  24th  and  26th  July,  when  the  comet  was  seven  days 
past  that  part  of  its  orbit  where  it  was  computed  to  attain 
the  maximum  brightness,  namely,  14  6  times  brighter 
than  on  the  day  of  its  discovery.  On  the  24th  July,  wheu 
the  photograph.  Fig.  1,  was  taken,  the  brightness  had 
diminished  to  about  110  times,  and  on  the  26th.  wheu 
the  photos  Pigs.  2  and  3  were  taken,  the  brightness  had 
further  diminished  to  about  98  times,  and  the  light  will 
continue  to  decrease  till  the  comet  again  will  lie  invisible. 
Figs.  1  and  3  on  the  j'late  were  taken  with  the  Cooke 
5-inch  lens,  the  exposures  being  (1)  45  minutes,  (3)  60 
minutes  ;  scale  about  122"  of  arc  to  1  millimetre ;  the 
length  of  the  part  shown  of  the  tail  is  about  six  degrees, 
but  if  the  plate  had  been  larger  the  tail  would  have  been 
shown  to  be  considerably  greater  iu  length. 

If  we  compare  Fig.  1  with  Fig.  3  it  will  be  seen  that 
the  tail  has  imdergone  a  remarkable  change  in  outline,  iu 
structure,  and  in  density,  during  the  interval  of  two  days, 
and  that  the  gap  of  about  one  and  a  half  degrees  in  length 
from  the  head  had  almost  closed  vqi,  and  the  tail  had 
assumed  a  more  symmetrical  form  of  straight  streamei-s 
and  of  apparent  nebulous  matter,  but  they  are  too  faint  to 
be  fully  shown  on  the  print. 

Fig.  2.  This  photograph  was  taken  with  the  20-iuch 
reflector  sinuiltaneously  with  No.  3  ;  the  scale  in  this  case 
being  about  43"  of  arc  to  1  millimetre.  It  shows  more 
clearly  the  structure  of  the  tail  than  can  be  seen  with  the 
5-inch  lens.  The  length  of  the  tail  is  about  2}  degi-ees, 
for  the  plate  was  too  small  to  show  more  of  it,  but  the 
structure  is  well  seen,  consisting  of  streamers  and  vacant 
spaces  between  them.  Unfortunately  the  bad  weather  and 
moonlight  nights  have  prevented  more  photographic  evi- 
dence being  obtained  at  Startield  of  this  interesting  comet. 

The  nucleus  was  strongly  stellar,  Init  the  surrounding 
comn  ilid  not  indicate  any  structural  details.  If  the  three- 
fold  classification   nf  comets  should  be  reliable,  the  three 
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forms  of  tails  that  pertaiu  to  them  would  indicate  tbe 
presence  of  hydrogen,  hjdro-carbou,  and  iron  in  this  one, 
but  spectroscopic  evidence  will  be  necessary  to  prove  this 
suggestion. 

CYCLES    OF    ECLIPSES. 

By  A.  C.  D.  Crommelin. 
The  computation  of  the  circumstances  of  eclipses  is  such 
a  laborious  operation  that  it  is  not  surprising  that  a  great 
amount  of  energy  has  been  directed,  both  in  ancient  and 
modern  times,  to  the  search  for  cycles  after  which  the 
eclipses  would  recur  with  some  or  all  of  their  features 
reproduced.  Wei-e  an  exact  cycle  discovered,  we  should 
be  able,  after  calculating  or  observing  all  the  eclipses  of  a 
single  cycle,  to  deduce  the  conditions  of  all  past  and 
future  ecJipses. 

For  a  cycle  to  be  perfect  it  would  require  to  satisfy  five 
conditions,  which  we  shall  denote  by  the  letters  A,  B,  C, 
D,  E.     It  should  be  an  exact  multiple  : 

A.  Of  the  lunation  or  period  of  29-530.58844  days 
between  one  new  moon  and  the  next. 

B.  Of  the  draconitic  month  or  period  of  27'21221993 
days  between  successive  passages  of  the  moon 
through  either  of  her  nodes. 

C.  Of  the  anomalistic  month  or  period  of  27'55455173 
days  between  successive  passages  of  the  moon 
through  her  perigee. 

D.  Of  the  solar  year  or  period  of  365|  days.  As  this 
condition  is  not  so  important  as  A,  B,  C,  it  is  an 
unnecessary  refinement  to  distinguish  between  the 
three  kinds  of  years — sidereal,  trojiical,  and  anoma- 
listic. 

E.  Of  the  solar  day  of  24  houi-s. 

It  is  to  be  noted  that  the  periods  in  A,  B,  C,  are  suliject 
to  variations ;  the  values  given  are  their  average  lengths 
according  to  Newcomb,  at  the  epoch  a.d.  1800.  They  are 
subject  to  slight  variations  in  the  course  of  centuries,  but 
the  effect  of  these  will  only  be  considered  in  the  case  of 
one  period,  the  Megalosaros. 

If  we  could  find  a  period  satisfying  conditions  A,  B,  C, 
D,  E,  we  should  have  a  jjerfect  eclipse  cycle.  All  the 
circumstances  would  be  reproduced,  even  to  the  regions  of 
the  earth's  surface  from  which  the  various  phases  are 
visible.  The  cycle  would  be  rendered  still  more  perfect 
from  the  circumstance  that,  owing  to  the  exact  restoration 
of  the  configurations  of  the  three  orbs  concerned,  all  the 
more  important  limar  perturbations  would  return  to  their 
original  values. 

It  may  be  said  at  once,  however,  that  no  such  perfect 
eclipse  cycle  exists.  Even  could  we  find  a  perfect  cycle  of 
immense  length,  longer  than  the  pei'iod  covered  by  history, 
it  would  be  of  no  practical  use. 

In  the  absence,  then,  of  a  perfect  cycle,  we  have  to  be 
content  with  compromise,  and  examine  how  nearly  the  five 
conditions  can  be  satisfied. 

A  must  be  rigorously  satisfied  in  all  eclipse  cycles  ; 
B  must  also  be  fairly  exactly  satisfied,  since  otherwise 
the  eclipse  will  undergo  a  rapid  change  of  character, 
and  will  disappear  after  a  few  returns  ; 
C  is  the  test  of  a  good  and  useful  cycle.     Unless  it  be 
satisfied,  it  is  impossible  to  deduce  the  character  of 
a  coming  eclipse  as  regards  totality  or  annularity, 
or  to  make  any  estimate  of  the  longitudes  of  the 
regions  over  which  its  track  will  pass. 
D.  It   is   desirable   that   this  should  be   fairlv   well 
satisfied,  but  it  is  less  important  than   C,  as  the 
orbit  of   the  earth  round  the   sun  is  much  more 
nearly  circular  than  that  of  the  moon  round  the 
earth. 


E.  This  is  the  least  important  of  the  five  conditions. 
The  effect  of  its  non-fulfilment  is  to  shift  the  regions 
of  visibiliiy  eastward  or  westward  on  the  earth's 
surface  ;  but  this  is  a  very  simple  matter  to  allow 
for,  if  the  other  conditions  are  satisfied. 

It  may  be  noted  that  where  C  is  not  satisfied,  the 
irregularities  thus  arising  in  the  Moon's  longitude  are  so 
large  that  the  discussion  of  condition  E  becomes  quite 
meaningless.  Hence  in  the  schedule  below,  the  word 
''  Zero "  is  inserted  in  the  I2tli  column  in  those  cycles 
where  C  is  not  satisfied,  at  least  approximately. 

The  cycles  that  we  shall  discuss  in  this  paper  are  six 
in  number: — The  4  year  cvele  (4^)  ;  the  Saros  (Sar.)  ;  the 
Stockwell  cycle  (St.)  ;  the  300  year  cycle  (300') ;  the 
ninefold  Stockwell  cycle  (9  St.)  ;  the  Megalosaros  (Meg.). 
The  abbreviated  designations  indicated  in  brackets  will  be 
used  to  save  space. 

It  appears  the  more  useful  and  concise  plan  to  first  give 
accurate  statistics  of  the  various  cycles  in  the  form  of  a 
schedule,  and  then  to  proceed  to  a  verbal  description  of 
each  in  turn — its  discovery,  its  value,  its  special  features 
and  characteristics. 

The  second  column  gives  the  length  in  ordinary  years 
and  days  ;  this  necessarily  varies  with  the  number  of  leap 
years  included,  and  so  is  only  approximate. 

The  fourth  column  gives  the  length  in  days  and  fractions. 
Dividing  this  length  by  the  values  of  the  draconitic  and 
anomalistic  months,  we  obtain  columns  (.5)  and  (8).  The 
neai'er  these  columns  are  to  exact  integers  the  better  the 
cycle. 

The  difference  between  the  .!)th  column  and  an  exact 
integer  multiplied  by  360  to  reduce  it  to  degrees  gives  us 
the  6th  column.  A  solar  eclipse  is  possible  (on  the  average) 
when  the  new  moon  occurs,  when  the  moon  is  within  16°'3 
of  the  node,  i.e.,  along  an  arc  of  32°-6  of  the  orbit.  Hence 
we  divide  32°-6  by  the  number  of  degrees  in  the  6th 
column,  and  so  obtain  the  number  of  cycles  for  which  an 
eclipse  persists,  which  is  given  in  the  7th  column.  The 
nuinlier  thus  obtained  is  an  index  of  the  accuracy  with 
which  condition  B  is  satisfied.  The  great  feature  of  the 
Stockwell  cycle  is  the  extreme  accuracy  with  which  this 
condition  obtains ;  indeed,  it  suflices  to  cover  the  whole 
historical  jjcriod,  since  the  entire  life-history  of  an  eclipse 
would  be  over  20,000  years. 

Of  course,  the  test  of  condition  E  is  simply  that  the 
length  of  the  cycle  should  be  nearly  an  exact  number  of 
days. 

Mr.  Maunder  has  traced  out  the  life-history  of  a  solar 
eclipse  in  the  Saros  cycle  in  Knowledge  for  October,  1893. 
Much  of  what  he  states  there  holds  not  only  for  the  Sar. 
but  for  all  eclipse  cycles. 

Thus  in  all  the  cycles  an  eclipse  begins  as  a  small  partial 
eclipse  near  one  of  the  earth's  poles,  and  continues  partial 
for  about  one-sixth  of  its  whole  career,  the  magnitude  of 
course  increasing  at  each  return.  It  then  becomes  central 
(either  total  or  annular),  the  track  passing  near  that  pole 
of  the  earth  where  the  partial,  phase  began.  The  tracks 
approach  the  equator  at  each  return ;  the  eeliiise  reaches 
the  climax  of  its  vigour  when  the  sun  is  exactly  overhead 
at  mid-eclipse,  and  after  that  the  track  gi-adually  approaches 
the  opposite  pole.  When  this  is  reached  the  eclijase  ceases 
to  be  central.  Its  dissolution  is  the  exact  converse  of  its 
birth.  It  is  thus  partial  for  one-sixth,  central  for  two- 
thirds,  and  again  partial  for  one-sixth  of  its  career.  For 
example,  in  the  4''  cycle  we  should  have  four  partial 
eclipses  followed  by  fifteen  central  ones,  and  then  four 
more  partial  ones  ;  similarly  in  the  other  cases.  The 
numbers  thus  olitained  are  average  numbers  ;  they  may  be 
considerably  affected  by  the  eccentricity  of  the  orbits  of 
the  sun  and  moon. 
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It  is  important  to  know  whether  the  tracks  ■will  more 
northward  or  southward  in  any  particular  cycle  ;  this  is 
decided  by  observing-  whether  the  number  of  drac.  months 
in  column  5  exceeds  or  falls  short  of  an  exact  integer.  If 
the  fonner,  then,  at  an  eclipse  near  the  ascending  node, 
the  moon  will  be  further  north  at  each  succeeding  return 
of  the  eclipse,  and  eouser[uently  tiie  track  on  the  earth's 


with  the  fact  that  the  moon's  nodes  make  the  tour  of  the 
heavens  in  18-600  years,  they  probably  perceived  that  an 
eclipse  was  usually  followed  liy  one  on  the  same  day  19 
years  later.  I  do  not  know  who  was  the  first  to  perceive 
that  one-fifth  of  the  Metonic  cycle  was  an  eclipse  period, 
but  several  people  have  noticed  it  independently  in  recent 
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surface  will  also  move  northward.     By  reasoning  of  this 
kind  we  deduce  the  following  laws  :  — 

In  the  4y     '^  Ascending,  or  in  tlie  Sav.  "j  Descending.   The   tracks    on 
St.     [Node  :500>'  -Node  the  earth  move 

9  St. )  Eclipses  J  Eclipses  north. 

On  the  other  hand — 

In  tlie  4y      "j  Descending,  or  in  the  Sar.  \  Ascending.    The    tracks    on 
St.      I  Node  300>'  -Node  the  earth  move 

9  St.  J  Eclipses  J  Eclipses  south. 

The  Meg.  requires  special  discussion,  in  consequence  of 
the  secular  changes. 

To  quote  Mr.  Maunder's  article  :  "  Each  [eclipse  in  the 
Sar.  cycle]  is  born  as  the  second  member  of  a  pair  of 
eclipses;  each  dies  as  the  first  member  of  such  a  pair." 
This  relation  also  holds  good  in  the  SOC;  but  in  the  4>and 
the  St.  the  converse  is  the  case  ;  in  these  an  eclipse  begins 
its  career  as  the  first  of  a  pair  of  partial  eclipses  one 
month  apart,  and  dies  as  the  second  of  such  a  pair. 

There  is  another  interesting  point  that  we  may  consider 
before  passing  to  the  separate  discussion  of  the  individual 
cycles  ;  that  is,  "  What  happens  at  the  half-cycle  ?  "  If 
the  number  of  lunations  be  even,  and  the  number  of  drac. 
months  even,  we  have  a  solar  eclipse  at  the  same  node  at 
the  half-cycle  ;  if  the  first  be  even  and  the  second  odd,  we 
have  a  solar  eclipse  at  the  opposite  node  at  the  half -cycle. 
(This  is  the  case  in  the  St.,  so  that  we  have  a  similar  solar 
eclipse  at  the  opposite  node,  and  with  the  track  in  the 
opposite  hemisphere  of  the  earth  after  29".  In  fact,  Mr. 
Stockwell  defined  his  cycle  as  a  29'  one,  but  I  have  pre- 
ferred to  use  the  doulile  cycle,  so  as  to  return  to  the  same 
node  again.) 

If  the  number  of  lunations  be  odd,  of  drac.  months 
even,  we  have  a  lunar  eclipse  at  the  same  node  at  the  half- 
cycle  (this  holds  in  the  Sar.)  ;  lastly,  if  both  the  numbers 
be  odd,  we  have  a  lunar  eclipse  at  the  opposite  node  at  the 
half-cycle  (this  holds  in  the  4»  and  :500"). 

In  all  cases  the  half-cycle  eclipse  reaches  its  maximum 
vigour  aliout  the  sAiue  time  that  the  original  eclipse  does. 

Part  II. 
Tin;  Four-Year  Cycle.  —  The  one  merit  of  this 
cycle  is  its  exti-euie  shortness;  it  does  not  reprodiu-e 
eclipses  with  any  attempt  at  accuracy,  but  it  is  a 
convenient  aid  to  the  memory  in  connecting  together 
the  eclipses  of  different  years,  and  in  determining 
which  years  are  likely  to  yield  important  ei-lipscs.  It 
bears  an  intimate  relationship  to  Metou's  famous  19-year 
cvcle,  after  which  new  moons  recur  on  the  same  days  of 
the  month  (or  sometimes  with  an  alteration  of  one  day). 
Since  the  Greeks  were  a/  (|uaiiiteil  witli  this  (-ycle,  and  also 


The  19-year  period  enables  us  to  tell  immediately 
whether  any  solar  eclipse  in  Oppolzer's  Canon  is  at  the 
ascending  or  descending  node.  In  the  former  case  the 
tracks  move  steadily  northward  each  19-year  period,  in 
the  latter  case  they  go  southward. 

As  an  example  of  this  cycle  I  trace  the  career  of  the 
Norwegian  eclipse  of  1896 ;  this  is  in  its  hoary  old  age 
viewed  according  to  the  Sar.,  but  in  early  youth  according 
to  our  present  cycle.  The  following  table  gives  the 
principal  features  of  this  series  (desc.  node),  also  of  the 
half-cycle  lunar  eclipses  (asc.  node)  : — 
Solar  Eclipses. 


Date. 

Cbaiiicter. 

Position 

of  Tiack. 

1877,  Aug.    9 

.     N.  Part. 

1881,  May  27     . 

.     N.  Part. 

lS8o,  Mar.  16     . 

.     Ann. 

West  Canada   Greenland. 

1889,  Jan.     1 

.     Tot. 

North      PaciCc, 
(West). 

United      States 

1892,  Oct.   20     . 

.     N.  Part.     .. 

(.\lmost  Annular). 

1896,  Aug.    9     . 

.     Tot. 

Norway,  Siberia 

Japan. 

1900,  May  28     , 

.     Tot. 

Mesico'      U.S.A. 
A  f  rica. 

,     Spain,     North 

1901,  Mar.  17     . 

Ann. 

Indian    Ocean, 
pines. 

Sumatra,    Philip- 

1908,  Jan.     3     . 

.     Tot. 

Central  Pacific. 

191],  Oct.   22     . 

.     Ann. 

China,  Philippines,  New  Guinea. 

1915,  Avig.  10     . 

.      Ann. 

Central  Pacific. 

1919,  May  211     . 

.     Tot. 

Brazil,  Eipiatorial  Africa. 

1923,  Mar.  17 

Ann. 

Patagonia,  South 

.Vfriea. 

1927,  Jan.     3     . 

.     Ann. 

South  Pacific,  South  America. 

1930,  Oct.   21     , 

.     Tot. 

South  Pacific. 

1934,  Aug.  10     . 

.     Ann. 

South  Africa,  South  Indian  Ocean. 

1938,  May  29     . 

.     Tot. 

South     Atlantic, 
Ocean. 

South     Indian 

19-t2,  Mar.  16     . 

,     S.  Part. 

1916,  Jan.     3     . 

.     S.  Part. 

19-19,  Oct.   21 

.     S.  Part. 

1953,  .\ug.    9 

.     S.  Part. 

Lrx.vK 

ECLIVSRS. 

Datf. 

Cliaracter. 

Limb  of  Moon 
Eelipse<l. 

Magnitude. 

1883.  Apr.  22 

Part. 

N.  Limb 

0  27 

1887,  Feb.     8 

Part. 

N.  Limb 

0-4-1 

1890,  Nov.  26 

Part. 

N.  Limb 

0-00 

189-1.,  Sep.   15 

I'ai-t. 

N.  Limb 

0-26 

1898,  Julv     3 

Part. 

N.  Limb 

O03 

1902,  Apr.  22 

Tol. 

1-33 

1906,  Feb.    9 

T.,1. 

1-6-1 

1909,  Nov.  27 

Tot. 

1-37 

1913,  Sep.   15 

Tot. 

1-14 

1917,  July     4 

Tot. 

1-37 

1921,  Apr.  22 

Tot. 

1-09 

1925,  Feb.     S 

Part. 

S.  I.iinb 

0-76 

1928,  Nov.  i7 

Tot. 

117 

1932,  Sop.   1  I 

Part 

S.  Limb 

0-99 

1936,  Julv    4. 

Part. 

S.  Limb 

0-28 
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Of  course  the  irregularities  in  this  cycle,  e.g.,  those  of 
1889,  1892,  1925,  1928,  are  due  to  the  fact  that  conditions 
G,  D  are  totally  unsatisfied.  For  the  same  reason  this 
cycle  ffives  \is  no  clue  to  the  longitude  of  an  eclipse  track, 
or  to  the  time  of  day  at  which  the  eclipse  occurs. 

There  is  a  point  in  which  this  4^  cycle  may  sometimes 
1)6  of  use.  The  last  of  a  series  in  the  4*  is  frequently  the 
first  of  a  Sar.  series ;  when  this  is  the  case  the  4^'  serves  as 
an  index,  calling  our  attention  to  the  birth  of  a  new 
eclipse  in  the  Sar.  It  is  not  the  case  in  1953,  for  that 
eclipse  is  bom  two  Sai-oses  earlier,  in  1917. 

The  Saeos. — This  cycle  was  discovered  by  the  ancient 
Chaldceans,  at  a  very  early  date,  and  it  still  remains  the 
most   perfect   and  serviceable   of   all    eclipse   cycles,   on 


small  northern  partial  eclipse,  1639,  January  4,  and  in- 
creased slowly  each  Sar. ;  its  companion  eclipse  (one  mouth 
earlier)  lingering  till  1837,  April  5.  Our  eclipse  became 
central,  1891,  June  6  (some  readers  may  remember  this 
eclipse  as  the  one  visible  from  the  Royal  Observatory  on 
Visitation  Day),  but  the  tracks  of  1891  and  1909  are  too 
far  north  to  show  conveniently.  The  diai4ram  begins  with 
the  eclipse  of  1927,  and  shows  all  the  tracks  till  2179. 
Even  this  date  is  not  cpiite  the  middle  of  the  series,  but 
that  is  only  a  few  Saroses  later. 

The  southward  motion  of  the  tracks  is  affected  by  the 
season  of  the  year,  which  accelerates  it  from  June  to 
December,  and  retards  it  for  the  other  half-year.  The 
slope  of   the   tracks  also   varies  with  the   season.      The 


Plate    I.— Diagram  illustrating  the  Saros  Cycle.     The  tracks  of  a  Total  Eclipse  are  shown  from  1927  to  2179. 


account  of  the  wonderful  accuracy  with  which  conditions 
B,  C,  D  are  satisfied.  We  can,  in  fact,  get  a  very  fair 
idea  of  a  coming  eclipse  without  any  calculation  at  all,  by 
tabulating  the  preceding  ones  of  the  series  and  carrying 
on  the  differences.  This  appears  to  have  been  the  way 
that  the  Chaldseans  predicted  their  eclipses. 

Mr.  Maunder's  paper,  above  referred  to,  has  dealt  so 
fully  with  this  cycle  that  it  is  unnecessary  to  add  much 
here.  It  mav,  however,  be  interesting  to  give  a  diagram 
showing  the  tracks  of  a  series  of  eclipses,  and  I  have 
chosen  the  series  to  which  the  eclipses  of  1927,  1999  (both 
total  in   England)  belong.     This  began  its  career   as    a 


western  end  of  the  ti-aek  is  the  highest  from  June  to 
December,  then  the  eastern  end  from  December  to  June. 
The  tracks  will  continue  to  move  southward,  and  the 
eclipse  will  cease  to  be  central  about  the  year  260O, 
remainiui;-  jiurtial  for  two  or  three  centuries  more. 

The  lialf-i-yrle  lunar  eclipse  began  its  career  1900,  June 
13  (north  limli)  ;  it  becomes  total  2044,  September  7,  and 
reaches  its  climax  about  the  same  time  as  the  solar  eclipse, 
ending  about  the  same  time  as  the  latter  ceases  to  be 
central. 

It  not  infrequently  happens  that  two  eclipses,  nine 
years  apart,  at  opposite  nodes,  pass  one  another  about  the 
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latituile  of  Europe,  ainl  give  lari^-o  eclipses  over  approxi- 
uuLtelv  the  same  regions.  As  examples,  may  be  given  1715, 
\7-2-l 'ihoih  total  in  England);  1887,  1896  (Siberia  and 
Japan) ;  191:5,  1954  (Norway),  etc.,  etc.  This  is  not  suffi- 
ciently regular  to  be  called  a  law,  but  it  is  worth  while 
seeking  in  any  European  totality,  whether  there  is  another 
one  nine  years  l)efore  or  after. 

It  may  be  remarked  that  Mr.  Maunder  has  considerably 
under-estimated  the  possible  career  of  an  eclipse  in  the  Sar. 
He  gives  it  as  71  returns,  but  according  to  Oppolzer  it 
may  reach  85  (as  in  the  case  of  an  eclipse  that  died  in 
A.D.  670)  ;  there  ai-e  seven  cases  of  80  returns  or  upwards 
in  the  Canon. 


time.  1902  had  three  partial  solar  eelijises.  Then  follow 
a  group  of  si,\  central  eclipses  (two  each  in  1903,-4,-5). 
This  year's  eclipses  are  in  their  decrepitude,  and  end  their 
career  as  central  eclipses  in  1957  and  1939  respectively. 
Next  year's  eclipses  are  in  full  vigour,  while  those  of  1905 
are  in  comparative  youth  and  began  their  central  career  in 
1598,  1797  respectively. 

The  Sar.  may  be  used  to  give,  without  calculation,  a 
rough  position  of  the  moon  at  any  time  in  a  year  for  which 
no  Almanac  is  available.  Thus,  suppose  we  desire  to 
obtain  a  rough  place  of  the  moon  at  11  p.m.  on  March  21, 
1921.    We  take  from  the  Almanac  its  place  one  Sar.  earlier. 

[Note  that  the  Sar.  consists  of  18''  12i''  when  three  29ths 


Plate  II. — Diagram  illustrating  the  past  history  of  the  Eclipses  of  1S68  and  1927  in  the  521-Tear  Cycle 


The  following  is  an  easy  way  of  diagnosing  the  approxi- 
niate  age  of  a  central  eclipse  in  the  Sar. 

A  glance  at  Oppolzer  will  show  that  wo  have  generally 
a  group  of  partial  eclipses  (2,  3,  or  4),  followed  by  a  group 
of  central  eclipses  (4.  5,  or  0),  of  course  separated  from 
one  another  by  six  months.  Then  wo  can  infer  that  the 
central  eclipses  at  the  beginning  of  such  a  group  are  in 
their  decrepitude,  those  in  the  middle  of  tbi>  group  are  in 
their  full  vigour,  while  those  at  the  end  of  it  have  just 
began  their  central  career.  In  a  word  wt'  may  apply  the 
adage  "  Seniores  priores  ''  to  the  group,  which  is  often  a 
useful  aiil  to  the  memory. 

As  an  example  wo  may  take  (he  eclipses  of   the  present 


of  February  are  included  in  the  interval,  18'  11^''  when 
four  are  included,  18''  10^''  when  five  are  included.] 

In  this  case  five  29ths  of  February  are  included,  hence 
the  corresponding  date  is  1903,  March  11'  3  p.m. 

We  take  from  the  Almanac  the  age  of  the  moon  at  this 
time,  viz.,  122  days  ;  this  will  also  be  its  age  at  the  epoch 
required  in  1921. 

We  also  take  its  R.A.  and  Dec,  viz..  R.A.  0''  42"'  4, 
N.  Dec.  92^  27',  insert  this  tm  a  star  map,  and  then  shift 
it  eastward  10""8  parallel  to  the  echptic.  The  result  is  a 
close  approximation  to  the  place  of  the  moon  at  the  time 
named  ;  iu  this  case  we  obtain  10''  20° 'l.  N.  Dec.  {)°  3'. 

As   another   example,   the  age   of  the  moon  at   noon, 
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March  8,  189P,  was  261  days.  Going  back  four  Saroses 
we  reach  1809,  January  12''  8''  p.m.,  when  the  moon's  age 
would  have  been  about  the  same.  This  was  the  date  of 
the  death  of  Sir  John  Moore,  and  we  thus  see  that  the 
lines  "  By  the  struggling  moonbeams'  misty  light,"  in 
Wolfe's  beautiful  poem,  are  not  strictly  in  "accord  with 
astronomical  facts. 

The  Stockwell  Ctcle.  —  This  is  chiefly  interesting 
for  the  extraordinary  accuracy  with  which  condition  B  is 
satisfied  ;  it  is  not  a  good  cycle  in  any  other  respect.  The 
ninefold  cycle  is  better,  as  it  satisfies  condition  D 
accurately  and  C  roughly.  A  diagram  is  given  showing 
the  past  history  of  two  eclipses  in  this  cycle,  viz.,  those  of 
1868,  1927. 

It  will  be  seen  that  several  of  the  tracks  repeat  them- 
selves very  well ;  thus  those  of  - 167,  364,  885, 1406, 1927, 
are  all  total  in  or  near  the  British  Isles.  We  cannot, 
however,  have  great  confidence  in  the  longitude  of  a  track 
X)redicted  by  this  cycle  :  for  example,  the  tracks  of  -  1199, 
-678,  also  those  of  —737,  —216,  show  a  great  shift  in 
longitude.  We  can,  however,  predict  the  latitude  very 
closely,  as  the  diagram  shows. 

{To  he  continued.) 


titers. 


[The  Editors  do  not  hold  themselves   responsible    for   the    opinions 
or   statements   of   correspondents.] 


THE  SURROUNDINGS  OF  THE 
NEBULA. 


AMERICA" 


TO    THE    EDITORS    OF    KNOWLEDGE. 

Sirs, — In  the  July  number  of  Knowlrdge  Dr.  Max 
Wolf  states  :  "  Photographs  of  this  fine  nebula  have  been 
published  not  only  by  myself  (Knowledge,  1902),  but 
also  within  the  last  few  months  by  Dr.  Roberts  and  by 
Professor  Barnard."  I  wish  this  statement,  which  is 
inaccurate  so  far  as  I  am  concerned,  to  be  corrected.  My 
photograph  of  the  nebula  was  taken  on  October  lOtli, 
1896,  and  was  published  in  Knowledge,  November 
number,  1898,  which  chronological  computations  would 
sum  np  to  81  months.  This  fact  is  not  fairly  represented 
by  Dr.  Wolf's  words  "  within  the  last  few  months."  I 
have  also  compared  the  photograph  here  referred  to  with 
mine  published  in  1898,  and  find  vast  differences,  in 
favour  of  my  reflector  plate,  in  the  structural  details  that 
are  delineated.  The  letterpress  which  accompanied  the 
photograph  explained  that  the  nebula  extended  beyond 
the  boundaries  of  the  jilate. 

Is  it  desirable,  in  these  modern  days,  to  attach  the 
names  of  countries,  towns,  cities  or  of  individuals  to 
nebulae  or  other  objects  in  the  sky  ?  Of  course  we  may 
excuse  the  harmless  lunacy  of  designating  by  the  names 
of  individuals  objects  seen  on  the  moon  ;  "  but,  if  the 
practice  is  to  be  extended  to  the  designation  of  objects 
which  can  be  photographed  in  the  sky,  there  should  Ije 
some  method  of  selection,  and  I  do  not  see  the  reason  of 
attaching  the  name  of  America  more  than  of  England  to 
the  nebula  here  referred  to.  It  was  first  photographed, 
on  a  scale  that  is  suitable  for  scientific  investigation,  at 
Starfield,  but  I  should  object  to  change  its  designation  of 
y.  V.  37  Cygni  because  Sir  William  Hersehel  was  the  first 
to  discover  it ;  and,  further,  I  object  to  all  fanciful  desig- 
nations that  may  involve  controversies. 

Statfield,  Crowborough.  Ls\ac  Robeet.s. 


PROTECTIVE  RESEMBLANCE  IN  BUTTERFLIES. 

TO    THE    EDITORS    OF    KNOWLEDGE, 

Sirs, — Some  years  ago  I  made  a  small  collection  of 
butterflies  in  the  district  of  Santos,  Brazil,  and  amongst 
them  are  two  specimens  obtained  from  the  granite  quarries, 
which  in  colour  and  markings  exactly  reproduce  the  tex- 
ture of  granite.  I  have  no  doubt  this  is  an  instance  of 
ordinary  protective  resemblance,  for  I  remember  how 
difficult  it  was  to  see  these  butterflies  when  once  they 
settled  on  the  granite  surface.  The  point,  however,  which 
strikes  me  as  of  considerable  interest  is  that  the  general 
colouring  of  the  butterfly  is  a  cool  blue  grey,  exactly  the 
shade  of  the  freshly- c^uaiTied  stone,  on  which  it  invariably 
settled.  The  weathered  surfaces  of  the  granite  were 
greenish-grey. 

The  facts  seem  to  point  to  a  very  rapid  evolution  of  the 
butterfly's  ])resent  colouring,  since  the  quarries  in  question 
have  probably  only  existed  for  some  200  years,  and  before 
that  time  the  butterflies  could  not  have  found  access  to  a 
freshly-cleft  granite  surface. 

I  am  not  entomologist  enough  to  name  the  butterfly, 
but  would  send  a  photograph  to  anyone  interested. 

I  should  be  glad  if  any  of  your  correspondents  who  have 
studied  the  question  of  protective  colouring  could  say 
whether  there  is  any  warrant  for  concluding  that  a  change 
in  colour  of  the  kind  indicated  could  be  evolved  within  so 
limited  a  period.  W.  S.  Rogers. 

[This  observation  is  of  much  interest,  and  there  can  be 
little  doubt  that  the  colour  of  the  species  has  changed 
during  the  period  mentioned  under  the  influence  of  natural 
selection.  During  the  last  half  of  the  nineteenth  century 
British  entomologists  have  noticed  a  distinct  tendency  on 
the  part  of  certain  moths,  normally  of  a  pale  grey  colour, 
to  be  replaced  by  dark  varieties,  in  the  manufacturing 
districts  of  the  north  of  England,  where  the  habitual 
restinw-places  of  the  insects — palings,  tree-trunks,  &c. — 
tend,  through  the  dejiosition  of  soot,  to  be  darker  than 
usual.  It  must  be  remembered  that  a  century  or  two  is  a 
comparatively  long  period  in  the  life  of  a  species  of  insect. 
— G.  H.  Carpenter.] 


CURIOUS    SUNSET    PHENOMENON. 
to  the  editors  of  knowledge. 
Sirs, — On  the  4th  July,  I  observed  a  curious   pheno- 
menon in  conjunction  with  the  sunset  of  that  date.     The 
sun  was,  roughly,  at  an  altitude  of  ten  degrees  above  the 
horizon  at  the  time,  and  partially  obscured  by  dense  dark 


clouds,  which,  together  with  a  faint  haze,  hung  over  the 
low  hills  which  bounded  tlie  horizon  in  that  direction. 
At  about  7  p.m.  my  attention  was  drawn  to  an  exceedingly 
bright  patch  of  light,  of  irregular  shape,  which  exhibited 
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the  spectrum  colours  with  great  distinctness  (red  nearest 
the  sun),  and  appeared  in  the  north-west,  about  thirty 
degrees  from  the  sun  and  at  the  same  altitude.  From  the 
time  that  I  first  noticed  this  (I  had  previously  been 
looking  in  a  different  direction)  the  light  diminished  in 
brightness,  and  finally,  after  about  fifteen  minutes,  faded 
away.  The  corresponding  portion  of  the  sky  on  the  other 
side  of  the  sun,  i.e.,  thirty  degrees  from  the  sun  in  a  south- 
westerly direction,  was  not  visible  from  my  position,  but  I 
was  unable  to  observe  anything  similar  above  or  below  the 
sun.  There  was  no  actual  cloud  where  the  light  appeared, 
though  there  was  just  below  it.  The  temperature  was 
about  60^  Fah.,  and  on  return  to  camp  the  barometer 
gave  a  reading  of  24'56"  (altitude  5183  feet  above  sea). 

I  trust  some  reader  of  Knowledge  will  be  able  to 
explain  this,  and  that  some  other  Indian  reader  may 
record  his  impressions  of  this  phenomenon. 


K.   D.   FlET.D,   LT.K.A. 


Kashmir. 


i^otcs. 


Astronomical. — The  interesting  variable,  or  "  new  " 
star  near  the  Ring  Nebula  in  Lyra  (designated  10,  1903 
Lyrte),  which  was  discovered  some  time  ago  by  Herr  E. 
Silbernagel,  has  been  fully  investigated  at  the  Lick 
Observatory.  Photographs  taken  by  Prof.  Keeler  in  1899 
.show  the  star  to  have  been  then  of  the  17th  magnitude, 
but  in  April  of  the  present  year  it  had  risen  to  the  12th 
magnitude.  A  spectroscopic  investigation  made  with  the 
small  slitless  spectrograph  shows  the  i^resence  of  bright 
lines,  but  in  sjiite  of  this  the  spectrum  has  little  similarity 
with  that  of  novae  The  observations  leave  little  doubt 
the  star  is  a  variable,  and  not  a  nova,  and  that  it  belongs 
to  the  class  of  variables  which  exhibit  bright  lines  of 
hydrogen  at  maximum.  The  spectrum  is,  in  fact,  almost 
an  exact  counterpart  of  that  of  11  Draconis.  The  position 
of  the  star  (1900)  is  18h.  50m.  27s.  +  32°  42'  21". 

The  issue  of  "  Bulletins  "  from  the  Lowell  Observatory, 
Flagstaff,  Arizona,  is  inaugurated  by  an  interesting  account 
of  the  observations  of  the  projection  on  the  terminator  of 
Mars,  which  excited  such  general  interest  towards  the  end 
of  May.  From  the  micrometric  measurements  it  appears 
that  the  projection,  which  was  three  hundred  miles  in 
length  on  May  26th,  but  had  almost  disappeared  on  the 
following  day,  travelled  over  the  surface  of  the  planet  at 
the  rate  of  sixteen  miles  an  hour.  It,  therefore,  could  not 
have  been  the  illuminated  summit  of  a  mountain,  and  Mr. 
Lowell  concludes  that  it  was  an  enormous  cloud.  He 
further  expresses  the  opinion  that  it  was  not  a  cloud  of 
water  vapour  but  a  cloud  of  dust,  and  he  states  that  other 
jjhenomena  of  tlie  planet  bear  out  this  supposition. 

Additional  evidence  of  the  physical  connection  of  the 
two  compiments  of  61  Cygili  is  furnished  by  a  s]K'ctro- 
scopic  investigation  of  their  movements  in  the  line  of  sight 
which  has  been  made  by  Mr.  Adams  at  the  Yerkes 
Observatory.  The  mean  results  are  (52  and  63  kilometres 
per  second,  towards  the  sun,  for  the  two  stars,  and  this 
agreement,  together  with  the  similar  proper  motions  of 
the  two  stars,  indicate  that  they  are  unquestionably  physi- 
cally connected.  Tlicir  real  motion  in  i-efereuce  to  the 
sun,  under  the  assumption  of  a  parallax  of  0"'-i  and  a 
proper  motion  of  5"-2,  would  be  about  80  kilometres,  or, 
in  space,  when  corrected  for  the  sohir  motion,  about  64 
kilometres  per  second. — A  F. 


Botanical. — One  of  the  most  mteresting  instances  of 
irritability  in  plants  is  met  with  in  Masdevallia  muscosa, 
a  diminutive  orchid  of  no  horticultural  value,  but  remark- 
able in  the  sensitiveness  of  its  labellum.  The  plant  has 
been  known  for  many  years,  and  the  {Kjculiar  character  of 
the  labellum  was  the  subject  of  an  elaborative  paper  in 
the  first  volume  of  the  Aimals  of  Botany,  by  Prof. 
F.  W.  Oliver.  It  was  exhibited  at  the  Royal  Society's 
Soiree  on  June  19th,  and  may  still  be  seen  in  flower  in 
Kew  Gardens.  Its  irritability  may  be  compared  to  that 
of  the  Venus  Fly  Trajs.  In  this,  it  will  be  remembered, 
the  parts  that  receive  the  stimulus  are  the  three  bristles 
found  on  each  half  of  the  leaf-blade,  and  it  seems  to  be 
conveyed  from  them  to  other  points  where  the  movement 
actually  takes  place.  In  the  orchid  it  is  the  crest  of  the 
small  triangular  labellum  that  receives  the  stimulus,  but 
the  movement  occm'S  at  the  narrowed  base  of  this  organ, 
called  the  neck,  and  the  labellum  is  caused  to  spring 
upwards  against  the  column,  forming  with  other  parts  of 
the  flower  a  small  chamber  having  only  a  veiy  narrow 
ojjening  at  the  top.  The  purpose  of  the  sensitive  labellum 
is  evidently  to  aid  in  the  cross-fertilization  of  the  flower. 
An  insect  on  touching  the  crest  is  at  once  made  a  prisoner 
l)y  the  springing  up  of  the  labellum,  but  it  eventually 
escapes  by  crawling  through  the  aperture  at  the  top  of  its 
prison.  In  doing  this,  however,  it  is  obliged  to  brush 
against  the  pollinia,  which  it  carries  away,  transferring 
them  to  the  stigma  of  another  flower  while  it  is  struggling 
to  escape  fi-om  a  second  term  of  captivity. 

It  is  not  uncommon  for  peduncles  or  pedicels  to  elongate 
a  little  after  the  flowering  period,  and  during  the  ripening 
of  the  fruit ;  but  to  have  a  pedicel,  which  at  the  flowering 
stage  is  scarcely  more  than  a  quarter  of  an  inch  long, 
growing  to  a  length  of  six  or  seven  inches  is  a  very  imusual 
occurrence.  This,  however,  takes  place  in  a  small  parasitic 
orchid,  Bidijinoplexis  pallens,  which  is  now  to  be  seen  in 
flower  at  Kew.  The  whole  plant  is  usually  less  than  six 
inches  high,  and  the  flowers  are  small,  brownish  whit^?, 
and  unattractive.  The  elongated  pedicels  are  quite  erect, 
and  the  remarkable  growth  in  length  is  accompanied  by  a 
considerable  increase  in  thickness ;  but  it  has  been  observed 
that  only  the  pedicels  of  flowers  which  have  been  fertilized 
possess  this  peculiarity.  The  plant  is  mdely  spread  in 
India,  and  is  found  also  in  Perak,  growing  in  the  bottoms 
of  tropical  valleys,  usually  under  clumps  of  bamboos,  on 
the  roots  of  which  it  appears  to  be  parasitic.  The  growth 
of  the  pedicel  is  supposed  to  bo  for  the  purpose  of  carrying 
the  fruit  well  al)ove  the  decaying  vegetable  matter  in  which 
the  plant  grows. — S.  A.  S. 


Zoological. — In  the  article  on  giant  tortoises  puli- 
lished  a  few  months  ago  in  Knowledge,  it  was  stated 
that  the  earliest  known  meml)ers  of  the  group  date  from 
the  Pliocene  (or  possibly  the  late  Miocene).  Recently, 
however,  these  reptiles  have  been  carried  back  to  a  much 
earlier  period  in  the  earth's  history  by  the  discovery  of  the 
remains  of  a  species  in  the  upper  Eocene  formation  of 
the  Fayum  district,  Egypt.  Tlie  i-emains  of  the  species 
in  question  have  been  described  by  Dr.  C.  W.  Andrews  in 
the  ])ul.)lications  of  the  Cairo  Survey  Department,  and 
named  Tcdiulo  aiinnon.  In  addition  to  thus  carrying 
b;ick  the  e.vistence  of  giant  land  tortoises  to  such  a  com- 
paratively remote  epoch,  the  discovery  has  a  wider  inteivst. 
For  if  creatures  of  such  an  essential  modern  type  date 
from  strata  of  undoubtedly  Eocene  age,  there  may  be 
something  to  be  said  in  favour  of  the  view  of  the  Argentine 
palii'ontologists  as  to  the  early  Tertiary  age  of  the  marama- 
liferous  beds  of  the  Santa  Cruz  district  of  Patagonia,  a 
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view  which  has  beeu  generally  discredited  ia  Europe  on 
account  of  the  specialised  character  of  the  fauna. 

According  to  Dr.  E.  Broom  (Proc.  Linn.  Soc.  New 
South  Wales,  1902,  p.  4),  considerable  modification  must 
lie  made  with  regard  to  the  homology  of  certain  bones  in 
the  base  of  the  skull  of  lizards  and  other  reptiles  and 
am])hibians.  Hitherto  a  pair  of  bones  in  the  front  of  the 
skull  have  been  correlated  with  the  mammalian  vomer. 
These,  however,  Dr.  Broom  calls  prevomers,  and  identifies 
with  the  so-called  dumb-bell  bone  of  the  duckbill ;  while 
the  true  vomer  is  represented  by  the  large  sheet-like  bone 
t>n  the  hinder  part  of  the  base  of  the  skull  of  amphibians 
hitherto  known  as  the  parasphenoid,  this  bone  being  also 
present  in  a  rudimentary  form  in  lizards. 

In  the  Zoologist  for  July  Mr.  Lydekker  described  the 
Burmese  representative  of  the  gaur,  or  wild  ox  of  India,  as 
a  new  race,  under  the  name  of  Bos  fjaiirus  reaclei ;  the 
chief  distinctions  from  the  typical  race  being  the  presence 
of  a  tuft  of  long  hair  on  the  dewlap  and  a  difference  in 
the  form  of  the  horns. 

The  form  of  the  skull  of  the  gigantic  toothless  ptero- 
dactyle  (Pteranodon)  of  the  Cretaceous  of  Kansas  gives 
rise  to  the  suggestion,  according  to  Mr.  G.  F.  Eaton 
{Amer.  Journ.  Science,  July,  1903),  that  these  monstrous 
flying  reptiles  were  furnished  with  a  cajjacious  gular  pouch, 
comparable  to  that  of  the  pelicans.  This  is  in  accordance 
with  the  supposed  fish-eating  habits  of  Pteranodon. 

Great  interest  attaches  to  the  discovery,  during  excava- 
tions in  the  base  of  a  house  in  Salisbury  Square,  E.C.,  of 
the  nearly  perfect  skidl,  minus  the  lower  jaw,  of  the  woolly 
Siberian  rhinoceros.  The  specimen,  which  was  found  in  a 
bed  of  peat,  is  reported  to  be  the  finest  and  the  most 
nearly  complete  ever  discovered  in  this  country,  being 
rivalled  in  this  respect  only  by  examples  from  the  Siberian 
tundra.  At  a  short  distance  from  the  skull  were  dug  up 
a  half  of  a  lower  jaw,  the  head  of  a  thigh-bone,  and  a 
few  riljs  ;  the  former,  it  is  said,  pertaining  to  a  species 
other  than  the  woolly  Rhinoceros  antiquitatis. 

In  a  recent  issue  of  the  Proceedings  of  the  Royal  Society 
Prof.  W.  J.  SoUas,  of  Oxford,  demonstrates  that  the  so- 
called  Palieozoic  lamjsrey  (Palasospondyhts  gunni),  from 
Devonian  strata,  is  in  reality  a  primitive  fish-like  creature, 
exhibiting  signs  of  affinity  with  the  lampreys,  the  sharks, 
and  the  young  of  lung-fishes  or  amphibians.  It  pro- 
bably diverged  from  the  main  stem  previous  to  the 
differentiation  of  the  sharks  and  rays,  and  pursued  an 
altogether  independent  line  of  development.  Prof.  Sollas's 
method  of  investigation  was  by  making  thin  transverse 
sections  of  a  number  of  specimens. 

More  than  twenty  years  ago  Prof.  T.  Eimer  showed 
that  among  lizards  the  following  changes  in  colour-pattern 
are  very  commonly  observable.  First  there  are  longitu- 
dinal stripes,  which  bi'eak  up  into  spots;  the  latter  coalesce 
to  foiin  transverse  bars,  which  finally  disappear  and  leave 
the  skin  of  one  uniform  tint.  In  some  lizards  the  whole 
of  these  stages  are  passed  through  during  hfe,  but  in  others 
only  the  second  or  even  the  first  stage  is  reached,  while  in 
yet  others  commencement  is  made  with  the  second  or  some 
later  stage.  From  these  facts  Eimer  advanced  the  theory 
that  the  same  series  of  colour -evolution  has  occurred  in 
the  animal  kingdom  generally.  Recently  Di".  H.  Gadow, 
of  Cambridge,  in  a  paper  contributed  to  the  Proceedings  of 
the  Royal  Society,  has  tested  Elmer's  observations  in  the 
case  of  certain  Mexican  lizards,  and  finds  that  in  the  main 
they  hold  good.     It  ajipears,  however,  that  it  is  only  in 


certain  stations  these  changes  take  place,  so  that  they  are 
limited  to  particular  races  or  breeds,  in  which,  moreover, 
only  some  of  them  occur.  It  is  believed  that  the 
changes  are  due  to  differences  in  the  amount  of  light 
received  in  the  habitat  of  these  particular  breeds,  and 
therefore  thatthey  are  protective  in  their  nature. 

If  American  methods  are  continued  much  further  on  the 
present  lines.  Zoology,  so  far  at  any  rate  as  mammals  are 
concei'ned,  will  become  a  weU-nigh  impossible  science  to 
all  save  specialists  of  the  narrowest  type.  In  addition  to 
others  named  during  past  years,  Mr.  G.  S.  Miller  has 
recently  described  no  less  than  fifteen  chevrotains,  or 
mouse-deer,  from  Malaysia  as  new  species  ;  the  form  from 
each  islet  being  regarded  as  a  distinct  species.  Those 
named  by  Mr.  Miller  from  1900  to  1902  have  already  been 
relegated  to  the  rank  of  sub-species  by  Mr.  J.  L.  Bonhote 
in  a  paper  published  in  the  March  issue  of  the  Annals  of 
Natural  History,  and  there  is  no  doubt  that  this  is  the 
right  way  of  dealing  with  such  local  variations,  as  they  can 
then  lie  disregarded  by  all  but  the  specialist. 


j^oticcs  of  Boolts. 


"  R.\DIANT  EnKRGY  ami  ITS  ANALYSIS."  By  Edgdr  L. 
Larkin,  Director  Lowe  Observatory,  Echo  Mountain,  California. 
(Baumgardt  Publishing  Company,  Los  Angeles,  California. 
1903.) — This  work  is  different  from  any  other  text-book  on 
astrophysics  which  we  have  seen.  TVe  cannot  say  it  is  more 
profound  ;  we  cannot  say  it  is  more  lucid  ;  but  it  is  different.  It 
is,  perhaps,  because  of  our  imperfect  acquaintance  with  the 
American  language,  but  sometimes  we  could  not  do  more  than 
make  a  shrewd  guess  at  the  meaning  of  some  of  the  paragraphs. 
For  instance,  on  p.  17,  we  read:  "These  two,  matter  and 
energy,  or  possibly  one,  is  the  sum  total  of  all  that  has  been 
found  during  three  centuries  of  incessant  research  in  all  that 
portion  of  the  universe  visible  in  a  forty-inch  telescope  armed 
with  the  most  powerful  spectroscope  ever  made."  We  judged 
that  the  first  clause  meant  that  perhaps  matter  and  energy  were 
alternative  forms  of  the  same  thing,  but  on  page  41  we  read  : 
"  Thus  the  undulatory  theory  of  light  was  proven,  for  matter 
added  to  matter  cannot  destroy  both — light  is  therefore  not 
matter."  We  had  always  understood  that  light  is  a  form  of 
energy.  And  again  on  p.  289,  "  What  mighty  import  hovers 
round  the  word  evolution.  For  giant  modes  of  enei'gy  wrought 
and  struggled  in  war.  Matter  was  shaken,  oscillated,  kneaded, 
boiled  and  trembled  in  the  throes  of  chaos.  Phantom  forms  of 
nebulae  were  clutched  in  awful  churning,  in  seething  whirlpools, 
and  throbbed  with  energy.  Absolute  zero  and  darkness  reigned, 
useless  indeed  ;  cold  light  can  be  in  the  most  frigid  space." 
Evolution,  indeed,  he  has  found  to  be  a  blessed  word,  though  we 
cannot  hazard  a  surmise  as  to  what  sort  of  fearful  wild  fowl 
he  considers  it  to  be.  In  his  summary  on  p.  293,  he  says , 
"Tliat  evolution  set  its  mighty  clutch  on  all  existing  matter 
when  it  was  in  an  excessively  rare  ultra-gaseous  or  corpuscular 
state,  filling  all  space  now  occupied  by  seas,"  and  then  in  a  page 
of  emphatic  though  somewhat  obscure  description  he  traces  the 
history  of  the  Co-smos  from  that  time  until,  "  through  contraction, 
heat  developed,  .md  light  on  small  worlds  after  nearly  all  the 
heat  had  vanished,  water  came,  and  coarse  life,  then  more 
refined,  and  lastly  mind,  along  towards  the  close  of  evolution. 
It  contemplates  the  stupendous  scene  for  a  few  seconds  and  dis- 
appears." It  may  be  from  faulty  proof-reading,  or  from  the 
peculiarity  of  the  language,  but  in  ver}'  many  instances  the 
verbs  and  nouns  do  not  agree,  and  we  think  that  the  meaning 
might  be  somewhat  clearer  if  they  did.  But  it  is  the  index 
that  we  find  of  most  unexpected  interest.  In  casually  glancing 
through  the  Ms,  we  found  wedged  between  "  Miss  Maury, 
Measurement  of  Graphs,"  and  "  Meridian  Photometer,"  the 
reference  "  Men,  Pale  and  Faint."  On  turning  to  p.  285, 
which  was  indicated,  we  read,  "  The  new  sun  in  Perseus  last 
year   was   seen   to   resolve   into   a   chaotic   nebula.      Mystery 
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deepens,  while  men  pale  and  faint  in  presence  of  these  mighty 
problems.''  After  this  it  was  a  distinct  disappointment  to  find 
that  a  statement  on  p.  "231,  "The  planetary  heavens  would  burn 
as  heated  brass,  and  the  heats  of  Pelee  and  Soufrirre  would  pile 
and  faint,"  was  not  similarly  indexed.  The  book  is  distinctly 
original,  very  amusing,  and  though  we  would  not  recommend  it 
as  a  text-book  to  the  young  and  innocent  aspirant  to  scientific 
honour,  we  note  with  the  most  pleasurable  anticipation  that  the 
author  says  in  the  "  Introductory  "  that  "  enough  material  is 
now  on  hand  to  fill  another  volume  like  this.'" 

"frEdi.ORiOAL  R.\Mr.r.ES  IX  East  Yorkskire."  By  Thos. 
Sheppard,  v.n  s.  Pp.  xii.  and  2^6.  With  about  50  illustrations 
and  a  coloured  geological  map.  (London  :  A.  Brown  and  Sons, 
Ltd.) — This  handsomely  printed  book  is  dedicated  to  Messrs. 
P.  F.  Kendall  and  G.  W.  Lamplugh,  and  the  frequent 
references  to  the  work  of  these  geologists  shows  under  what  a 
powerful  spell  the  author  has  fallen  in  his  rambles  on  the  York- 
shire coast.  On  ]).  31  he  writes,  with  a  welcome  and  just 
enthusiasm,  "  to  such  an  extent  is  Mr.  Lamplugh  connected  with 
the  geology  of  this  district,  that  to  speak  of  the  latter  without 
the  former  would  be  equal  to  playing  '  Hamlet '  without  the 
Prince  of  Denmark."  Throughout  the  de.scriptions,  the  reader 
feels  that  ho  forms  one  of  a  friendly  party,  to  which  the  un- 
tiring zeal  of  Mr.  Kendall,  or  the  ]ienetrating  geniality  of  Mr. 
Lamplugh,  furnishes  a  continuous  inspiration.  Mr.  Sheppard 
is  content  to  act  as  the  recorder,  and  there  is  no  reason  to  doubt 
his  accuracy  in  so  doing. 

The  author  makes,  perhaps,  too  much  claim  on  the  knowledge 
of  the  reader  at  the  outset.  We  should  have  liked  to  start  with 
a  sweeping  survey,  a  comprehensive  view,  from  the  great  plain 
of  York,  fit  for  the  civilisation  of  imperial  Rome,  to  the  bare 
Wolds  eastward,  and  thence  to  the  strange  and  shifting  coast- 
laud,  which  seems  to  connect  Yorkshire  with  the  flats  of  Holland 
and  the  Baltic.  The  course  of  the  Derwent,  again,  excites  the 
imagination  when  set  down  upon  the  map.  We  have  a  right  to 
look  for  some  geographical  grasp  from  those  who  offer  them- 
selves as  geological  guides  in  so  interesting  a  country. 

The  remarks  on  jjp.  110 — 111  as  to  the  value  of  fo.ssils  in 
recording  the  history  of  a  district  are  clearly  addressed  to  the 
untrained  visitor.  But  we  want  more  such  explanations,  and 
to  find  them  in  the  opening  chapters,  if  the  book  is  aimed  at 
the  majority.  What  will  the  ordinary  reader  make  of  the 
zoning  of  the  Speeton  clay  (p.  G7),  or  the  terms  Cretaceous, 
Oolitic,  and  Liassic  on  p.  38,  or  the  phrase  "oolitic  sandstone  " 
on  p.  13(),  where  "oolitic"  is  ])robably  used  in  its  unfortunate 
stratigraphical  sense,  as  on  p.  109,  and  in  the  table  on  p.  101, 
and  not  lithologically,  as  one  would  suppose  from  the  statements 
on  p.  92.  Surely  it  is  time  that  the  international  term  Jurassic 
should  displace  our  local  and  misleiding  terminology.  We 
cannot  do  away  with  "  Carboniferous  Limestone,"  or  "Cretaceous 
Chert "  ;  but  a  way  has  been  opened  by  which  we  can  avoid 
"  Middle  Oolite,"  "  Lower  Oolite,"  and  so  forth.  On  p.  92  the 
author  uses  the  word  Jurassic,  but,  by  a  slip,  as  equivalent  to 
the  "  Oolitic  system." 

A  few  phrases  in  an  otherwise  clear  and  readable  book  require 
emendation.  On  p.  47  we  learn  that  "  the  discovery  referred 
to  consisted  of  a  streak  of  greenish  coloured  sand,  about 
24  feet  long,  and  rarely  exceeded  4  inches  in  thickness."  On 
p.  I;)3,  the  whorls  of  an  ammonite  arc  said  to  be  "divided  into 
a  number  of  septa  or  cell  walls,"  instead  of  into  a  number 
of  chambers.  On  p.  .^)'>,  it  is  implied  that  great  earth-move- 
ments have  not  taken  place  in  Britain  since  Palaiozoic  times. 
A  study  of  the  Isle  of  Wight  or  the  Dorset  coast  would  surely 
have  corrected  this  impression.  Yet  a  certain  ingenuousne.ss  on 
the  |)art  of  the  author,  and  his  delight  in  the  features  of  his 
chosen  locality,  disarm  the  professional  geologist,  who  wants  to 
look  at  all  things  from  the  point  of  view  of  effectiveness  in  a 
lecture-room.  Let  us  thank  Mr.  Sheppard  for  a  distinctly  helpful 
volume,  and  for  such  fine  illustrations  as  those  of  Bompton 
Cliffs  (p.  41),  the  Boulder-clay  of  Filey  (p.  74),  and  the  (iri.s- 
thorpc  coast  with  its  overhanging  cornice  (p.  89)  ;  in  addition 
to  which  many  others  .should  bo  mentioned. 

"An  Intkoductio.n  to  Botany."  By  W.  C.  Stevens. 
Pp.  viii.  and  43G  and  127.  Ff.  350.  (Heath  &  Co.)  Price  6s.— 
In  this  excellent  textbook  the  author  emphasises  the  importance 


of  practical  work.  The  chapters  open  with  observations  for 
guidance  in  this,  followed  by  a  discussion  on  the  leading  points. 
Preliminary  remarks  on  laboratory  work  precede  a  series  of 
chapters  dealing  with  the  various  parts  of  plants,  beginning 
with  seeds  and  seedlings  and  passing  on  to  flowers.  The 
remaining  chapters  will  afford  the  beginn§i^-3>-^^eneral  view  of 
the  subject.  The  book  is  written  ^lyfArf^Amerioan  Professor, 
primarily  for  American  stpd^ept^'hence  the  "^Flora  ;!|at.th«!  end 
is  naturally  a  selection  of  AmericttB  plants.  ^>    ,,.  y  Vt 

"  A.STRONOMY  FOR  EvERViH<>uY.'/ .1^^' Popwar  ExDCffiition  of 
the  Wonders  of  the  Heawtl'W  ^^.Y  P^f .  Simcmjre»eotab,  ll.d. 
(London  :  Isbister  &  W!)  1?03.  T^^^mSil.  7s.  6d.— 
Despite  the  great  promise  of  tjae, introductory  chapter,  we  must 
confess  to  a  feeling  of  disa^rointment  with  this  book  as  a 
whole.  While  giving  an  orderly  elementary  account  of  astro- 
nomical phenomena  and  ths  uses  of  the  principal  astronomical 
instruments,  it  seems  to  us  to  deal  inadequately  with  the  kind 
of  observations  which  everyone  may  make,  and  also  with  the 
revelations  of  the  telescope.  It  is  besides  difficult  to  understand 
why  Prof.  Newcomb  has  not  availed  himself  to  a  greater  extent 
of  the  wealth  of  material  now  available  for  the  purpose  of: 
illustration.  Many  of  the  diagrams  are  unattractive,  and  the 
reproductions  of  photographs,  which  are  only  four  in  number, 
are  not  by  any  means  excellent.  NebuUe,  of  which  so  many 
magnificent  |)hotographs  have  been  taken  in  recent  years,  are 
not  pictorially  represented  in  any  shape  or  form,  and  the  forms 
of  comets  are  only  exhibited  by  three  very  inferior  drawings  of 
Donati's  comet  of  1858.  It  may  also  be  pointed  out  that  the 
path  of  the  rays  in  a  Newtonian  reflector  is  incorrectly  shown 
in  Fig.  13.  As  might  be  expected,  the  text  is  thoroughly  trust- 
worthy and  interesting  so  far  as  it  goes,  and  the  reader  who 
masters  it  will  have  but  little  to  unlearn  if  he  should  happily  be 
induced  to  pursue  his  studies.  It  should  be  noted,  however, 
that  the  doubt  expressed  on  p.  148  as  to  the  presence  of  dark 
lines  in  the  spectrum  of  the  corona  is  no  longer  justified,  and 
also  that  no  considerable  proportion  of  the  lines  in  the  spectra 
of  the  Orion  stars  are  now  to  be  attributed  to  unknown 
substances  (p.  295). 

"Ox    THE    DiSTRIliUTION    OF    RaIN   OVER   THE   BRITISH  ISLES 

DURING  TiXE  Year  1902."  Compiled  by  H.  Sowerby  Wallace 
and  Hugh  Robert  Mill,  D.sc,  i.l.d.  (Stanford.)  10s. — No 
country  in  the  world  possesses  so  excellent  a  corps  of  rainfall 
observers  as  the  British  Isles.  There  are  no  less  than  3500  of 
them,  and  their  observations  are  here  given  for  the  year  1902. 
"British  Rainfall"  is  as  familiar  as  household  words  to 
meteorologists,  but  it  is  a  publication  that  engineers,  agricul- 
turalists, sanitary  authorities,  and  others  will  also  find  of  service 
and  interest.  If  such  refer  to  this  book  they  will  find  no  diffi- 
culty in  learning  whether  anj-  statistics  are  available  for  any 
given  locality,  because  the  excellent  way  in  which  the  stations 
are  grouped  into  counties  makes  the  search  easy.  With  such  a 
multitude  of  stations  it  is,  of  course,  not  feasible  to  give  detailed 
observations  for  them  all,  so  that  in  the  majority  of  cases  only 
the  total  fall  for  the  year  is  given,  together  with  the  number 
of  days  during  the  year  on  which  rain  fell.  But  it  is  not  enough 
merely  to  know  the  amount  of  rain  that  fell,  since  for  many  pur- 
poses it  is  desirable  to  learn  what  happens  to  the  rain  when  it 
reaches  the  ground.  To  this  end,  therefore,  this  book  includes 
for  a  few  stations  observations  concerning  evaporation  and  per- 
colation, although  it  could  be  wished  that  still  more  figures 
concerning  these  important  factors  were  available.  The  tables 
showing  the  number  of  droughts  experienced  during  the  year 
will  jirove  of  great  utility,  fifty  representative  stations  being 
chosen  for  investigation.  Another  important  point  concerning 
water-courses  and  their  cai>acity  for  carrying  off  storm  water 
is  elucidated  by  the  note  on  heavj-  rains  experienced  during  short 
periods,  and  also  by  the  table  which  records  the  number  of  days 
that  had  unusually  heavy  rains.  jMr.  Wallace  would  appear  to 
think  that  the  interest  in  the  record  of  a  year's  rainfall  must  to 
some  extent  wane  in  the  six  months  necessiiry  for  its  publica- 
tion ;  but  he  and  Dr.  Mill  are  to  bo  congratulated  on  the  quick- 
ness with  which  they  have  published  this  volume,  a  quickness, 
it  may  be  said,  that  could  be  imitated  by  other  meteorologists 
with  advantage. 

"The  Structure  ov  the  Noci.EfS."     A  continuatio-i   of 
"  Experiments  with  Ionized  Air,"  by  Carl  Barns.     (Smithsonian 
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Contributions  to  Knowledge.  1903.) — This  valuable  memoir  is 
a  continuation  of  the  "U.S.  Weather  Bureau,  Bulletin  12" 
(18'.I3),  and  of  the  "  Smithsonian  Contributions  to  Knowledge," 
Vol.  XXIX.  (1901),  by  the  same  author,  and  but  for  a  little 
])refatory  "advertisement"  by  Prof.  Langley  it  would  be  very 
difficult  for  the  reader  to  understand  Prof.  Barus'  present 
researches  without  a  careful  study  "of  the  previous  works.  Even 
as  it  is,  it  is  much  to  be  regretted  that  Prof.  Barus  has  not 
given  a  concise  summary  of  the  objects,  methods  and  results  of 
the  two  previous  papers  ;  and  especially  has  not  clearly  defined 
both  "  nucleus "  and  "  corona,''  and  given  a  description  or 
representation  of  some  of  the  forms  of  the  latter.  Apparently 
nuclei  are  extremely  small  particles  tending  to  precipitate  water 
from  moist  air,  when  this  is  suddenly  cooled,  and  in  the  present 
researches  they  were  usually  supplied  by  introducing  into  the 
receiver  air  which  had  passed  over  phosphorus,  or  burning 
sulphur,  or  glowing  charcoal.  They  could  be  obtained,  how- 
ever, without  putting  anything  material  into  the  receiver,  by 
passing  the  X-rays  or  other  form  of  radiation  through  it.  Here 
the  production  of  nuclei  in  case  of  weak  radiation  is  very 
gradual,  and  it  takes  time  to  produce  them,  but  when  once 
produced  they  show  a  degree  of  persistence  identical  with  that 
of  nuclei  of  any  other  origin.  Since  there  is  no  qualitative 
difference  referable  to  their  origin,  the  stuff  out  of  which  their 
nuclei  are  made  must  be  in  the  gaseous  contents  of  the  receiver 
(air  or  vapour).  The  chief  aim  of  the  memoir  is  to  throw  light  on 
the  phenomena  connected  with  the  presence  of  nuclei  in  air  by 
aid  of  the  "  coronas  "  or  colour  rings  seen  in  such  air  where  its 
moisture  is  condensed  and  deposited  on  the  nuclei,  and  a  distant 
source  of  light  is  looked  at  through  the  turbid  medium.  The 
author  accepts  the  theory  that  nuclei  which  vanish  are  absorbed 
on  contact  with  the  walls  of  the  vessel,  and  that  no  other  loss 
of  nuclei  occurs.  Nuclei  are  sparsely  distributed  (10-  to  10"  per 
cub.  cm.)  in  comparison  with  molecules.  In  using  an  emana- 
tion of  phosphorus  as  an  ionizer,  the  author  found  incidentally 
that,  under  certain  conditions,  the  emanation  produced  per- 
manent conduction  in  the  condenser.  This  he  identified  with 
the  occurrence  of  traces  of  moisture,  but  the  behaviour  so  closely 
resembled  the  effects  of  radio-activity,  that  he  concluded  that 
the  latter  quality  could  only  be  predicated  with  extreme  caution. 
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THE    VATICAN    OBSERVATORY. 

By  W.  Alfred    Pare. 

When  towards  the  middle  of  the  niutli  century  Pope 
Leo.  IV.  sought  to  stem  the  further  ravages  of  the 
Saracen  hordes  bv  strengthening  the  defences  of  Rome 
and  enclosing  the  Vati('an  hill  with  massive  turreted  walls, 
he  could  little  imagine  that  these  same  walls,  designed  so 
well  to  bear  the  engines  of  war  that  were  to  dominat«  the 
country  round,  would,  more  than  a  thousand  years  later, 
be  required  by  a  successor  and  namesake  to  harbour  a 
weapon  of  science  of  a  potency  little  dreamt  of  in  those 
days — a  weapon  whose  range  of  power  should  penetrate  to 
the  confines  of  the  unknown  itself.  For,  after  the 
conclusion  of  the  International  Photographic  Conference 
on  the  charting  of  the  heavens,  held  in  Paris  in  1889,  it 
was  on  one  of  the  strongest  of  the  towers  forming  part  of 
the  ancient  Leonine  wall  that  the  late  Pontiff,  Leo  XIII., 
decided  to  erect  the  newly-ordered  astrographic  telescope 
which  was  to  enable  the  Vatican  Observatory,  until  that 
time  somewhat  meagrely  equipped,  to  worthily  enter  the 
lists  with  the  seventeen  other  observatories  to  whom  the 
work  of  the  chart  had  been  allotted. 

The  history  of  the  Vatican  Observatory  is  no  less 
interesting  than  varied.  Closely  associated  in  its  earliest 
years  with  one  of  the  most  memorable  achievements  in  the 
annals  of  mathematical  science — the  reform  of  the  calendar 
in  1582,  under  Gregory  XIII. -  it  was  shortly  afterwards 
suffered  to  lapse  into  complete  neglect  for  neaidy  a  century 
and  a  half.  Gregory,  however,  may  be  said  to  have 
founded  the  observatory  when  he  erected  that  lofty  portion 
of  the  Vatican  Palace  known  as  the  "  Torre  dei  Venli," 
not,  as  some  rather  uncharitably  maintained,  in  order 
merely  to  enjoy  the  e.\tended  view  obtainable  from  its 
summit,  but  in  order  to  institute  the  study  of  celestial 
phenomena  in  general.  That  the  latter  purpose  was  the 
true  one  seems  amply  evidenced  by  the  tower  being  referred 
to  in  the  inscriptions  as  the  "  turris  astrorum  speculatrix," 
and  by  the  fact  that  it  contained  the  meridian  line, 
constructed  to  demonstrate  to  Gregory  that,  in  his  time, 
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the  sun  no  lon<^er  entered  the  sign  Aries  on  the  orthoilox 
21st  of  March ;  a  circumstance  which,  as  seriously  affecting 
the  date  of  Easter,  gave  Gregory  the  opportunity  of 
conferring  a  lasting  eclat  on  his  pontificate  by  undertaking 
the  long-desired  reform  of  the  calendar.  This  reform, 
projected  by  the  Neapolitan  physician  and  astronomer, 
Lilio,  and  aftei-warJs  more  fully  demonstrated  by  the 
Jesuit,  Clavius,  was  established  by  papal  brief  in  1582, 
but  so  strong  was  the  feeling  against  the  measure  in  all 
countries  not  adhering  to  the  Church  of  Home  that  it 
was  not  adopted  by  Germany  until  after  the  energetic 
representations  of  Leibnitz  and  others  in  1700,  nor  by 
England  luitil  more  than  half  a  century  later,  when  its 
introduction    met    with    the    greatest    opposition,   while 
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the  Vatican  Observatory. 


Russia  disregards  it  even  to-day.  The  significant  appear- 
ance on  the  official  seal  of  the  Vatican  Observatory 
of  the  Ram's  Head,  symbolical  of  the  sun's  position 
at  the  vernal  e(|uiuox,  still  serves  to  commemorate  the  con- 
nection between  the  Gregorian  Tower  and  the  Gregorian 
Calendar.  Though,  from  its  height  of  73m.  above  sea- 
level,  well  enough  adapted  for  the  astronomical  work  of 
those  times,  the  "  Tower  of  the  winds  "  did  not  long  enjoy 
its  reputation  as  an  observatory,  and  it  was  only  towards 
the  end  of  the  eighteenth  century  that  it  began,  in  a 
measure,  to  regain  the  importance  of  its  earlier  days. 
Meteorology,  however,  rather  than  astronomy,  now  formed 
the  chief  study,  for  it  had  been  found  that,  as  the  vast 
dome  of  St.  Peter's  somewhat  impeded  the  view  towards 
the  south,  the  site  was  less  favounxbly  placed  for  astro- 
nomical work  than  that  occupied  by  the  observatory  of  the 
Collegio  Romano,  erected  in  1787,  and  rendered  famous 
through  the  labours  of  De  Vico  and  his  illustrious 
successor  Secchi.  Nevertheless,  for  some  thirty  years  after 
1789  the  Vatican  Observatory  continued  to  display 
considerable  activity  in  observational  work  under  Gilii,  but 
after  his  death  in  1821  it  again  fell  into  disuse,  the  instru- 
ments liecoiuing  gradually  dispersed  and  the  place  itself 
deserted,  until,  after  the  political  events  of  1870,  when  the 
Italian  troops  took  formal  possession  of  the  Eternal  City, 
and  Pius  IX.  entered  u[ion  his  self-im|)0sed  imprisonment 
in  the  Vatican,  the  locale  of  the  observatory,  owing  to  the 
e.xigencies  of  space,  was  finally  transformed  into  dwelling 
apartments. 

But  in  spite  of  this  fall,  the  strangely  eliequered  fortunes 
of  the  venerable  institution  were  not  to  end  here,  for  the 
observatory  was  soon   to  enter  upon  the  last  and   most 


active  period  of  its  existence — that  which  recognises  in  it 
the  well-kno^vTi  and  well-ecjuipiped  Specola  Vaficana  of 
to-day.  The  immediate  cause  of  this  resuscitation  was  the 
scientific  exhibition  held  at  Rome  in  1888  to  commemorate 
the  Jubilee  of  Leo  XIII.  At  its  close  the  late  Father 
Denza,  whose  name  had  been  for  many  years  before  the 
scientific  world,  suggested  to  the  Pope  that  the  collection 
of  instruments  forming  part  of  the  exhibition  should  be 
made  use  of  t«  reconstitute  the  Vatican  Observatory. 
This  project  not  only  met  the  immediate  approval  of 
Leo  XIII.,  hira.self  a  mathematical  prizeman  of  earlier 
years,  but  was  so  enthusiastically  carrieil  through 
that  by  the  summer  of  1889  Denza  had  nearly  all  his 
instruments  installed,  and  was  able  to  attend  the  Inter- 
national Photographic  Congress  at  Paris  as  representative 
of  the  Vatican  Oljservatory,  and  to  claim  for  the  newly 
reconstructed  institution  a  place  among  the  eighteen  great 
observatories  taking  part  in  Admiral  Mouchez's  grandiose 
scheme  of  charting  the  heavens.  Under  the  formal 
directorship  of  Denza  the  observatory  was  now  equipped 
with  all  the  most  modern  meteorological,  magnetic,  and 
seismological  instruments,  many  of  them  being  the  first  to 
be  introduced  into  an  Italian  observatory,  while  its  purely 
astronomical  department  was  enriched  by  the  addition  of 
the  astrographic  telescope  constructed  in  Paris  by  the 
Brothers  Henry,  and  mounted  by  Gautier,  of  the  Paris 
Observatory.  This  instrument,  which,  like  its  Paris 
congener,  is  mounted  on  the  so-called  English  system,  is 
carried  on  piers  of  white  Carrara  marble,  and  consists 
of  the  usual  pair  of  telescopes  contained  in  a  rectangular 
case  of  metal,  the  photographic  telescope  having  the 
regulation  aperture  of  33  cm.  to  a  focal  length  of  3'43  m., 
and  the  visual  one  an  aperture  of  20  cm.  to  360  m.  focal 


Fio.  2.— The  Leonine  Tower. 

distance.  It  was  placed  in  position  in  May,  1891,  on  the 
strongest  of  the  towers  belonging  to  the  ancient  Leonine 
wall  mentioned  above. 

Curious  as  was  the  anachronism  of  fitting  one  of  the 
most  specialized  products  of  the  nineteenth  century  to  a 
structure  dating  from  the  ninth,  the  old  Leonine  tower 
nevertheless  proved  itself  admirably  adapted  for  the  novel 
purpose  to  which  it  was  put ;  for  situated  as  it  is  on  tlie 
summit  of  the  Vatican  hill  some  400  m.  distant  from  the 
Gregorian  tower,  with  which  it  is  in  telephonic  communi- 
cation, and,  with  its  colossal  walls  of  over  4  m.  tliickuess, 
almost  a  monolith  in  strength,  it  unites  iu  the  happiest 
m;uiner  the  elements  of  isolation  and  soliditv  so  essential 
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to  tbe  delicate  nature  of  the  work  carried  on  beneath  its 
modern  dome. 

Thoui^h  primarily  designed  to  co-operate  with  the  great 
observatories  in  the  work  of  the  International  astrographic 
chart  and  catalogue,  the  photographic  department  of  the 
Vatican  Observatory  has  by  no  means  limited  its  activities 
to  mere  routine  work,  but  has  secured  several  good  solar 
and  lunar  photographs  in  addition  to  its  fine  studies 
of  nebuliB  and  star  clusters,  while  a  speciality  has  been 
made  of  cloud  photography,  the  Vatican  Ijeing  well  repre- 
sented in  tliis  drjiartnu'ut  at  the  Koyal  Meteorological 
Society's  Exhibition,  held  in  Loudon  in  1890,  for  tbe 
application  of  photography  to  meteorology.* 

Under  Denza,  who  worked  assiduously  at  his  post  as 
director  until  his  death  in  December,  1894,  the  Vatican 
Observatory  rose  to  renewed  life  and  activity,  and,  con- 
jointly with  its  sister  establishment  in  Sicily,  Catania, 
entered  with  enthusiasm  upon  its  share  of  that  great 
international  undertaking  which  was  to  bequeath  to  future 
times  a  photographic  record  of  the  entire  heavens  at  the 
close  of  the  nineteenth  century.  It  was,  however,  reserved 
for  Deuza's  successor  to  the  directorship.  Father  Rodriguez, 
to  whose  kindness  and  courtesy  I  am  indebted  for  many  of 
the  above  details,  as  well  as  for  the  accompanying  photo- 
graphs, to  see  this  monumental  work  (which  requires  some 
eleven  thousand  plates  in  order  to  cover  the  whole  sky) 
brought,  after  several  minor  interruptions,  to  its  present 
more  or  less  completed  condition. 


Conducted  by  M.  I.  Cross. 

THE    COLLECTION,    EXAMINATION,   AND    PRESER- 
VATION   OF    MITES    FOUND    IN    FRESH 
WATER   (IIi/drachiidcE). 

By    Chas.    D.    Soar,    f.r.m.s. 

Anyone  with  a  love  for  natural  history  wishing  for  a  hobby 
for  his  spare  time,  would  find  the  study  of  fresh-water  mites 
(ni/druchnidm)  an  extremely  interesting  one.  For  variety  and 
beauty  in  colour,  and  for  differences  in  form  and  structure,  they 
are  not  to  be  surpassed  by  any  other  organisms  found  in  fresh 
water.  Wherever  there  is  a  pond,  ditch,  or  stream,  the  collector 
is  nearly  sure  of  being  rewarded  for  his  search  by  finding  one 
or  more  species  of  these  interesting  creatures.  They  are  easily 
caught,  and  can  be  seen  with  the  naked  eye  ;  they  are,  however, 
very  seldom  recognised  without  the  aid  of  the  microscope. 
They  can  be  kept  alive  for  a  considerable  period  at  home,  and 
are  easily  preserved  when  killed. 

At  present  the  life-history  of  these  little  creatures  is  so 
imperfectly  known  that  there  is  wide  scope  for  an  observant 
naturalist.  Although  the  Hfe-historiea  of  some  species  have 
been  fairly  investigated,  the  number  of  such  is  very  limited 
compared  with  the  species  known,  and  the  variety  of  species 
which  have  been  recorded  in  Great  Britain  are  behind  the 
recorded  collections  of  Germany  and  elsewhere. 

These  creatures  are  caught  in  three  distinct  stages — the  larval, 
the  nymph,  and  the  imago.  In  the  larval  stage  they  are  very 
small,  and  only  have  six  legs.  When  thej  first  emerge  from  the 
egg  they  are  free-swimming,  but  they  soon  become  attached  as 

*  Keproductions  of  some  of  the  Observatory's  cloud  photograplis 
appeared  in  Knowledge  for  May,  1899. 


parasites  to  some  other  form  of  Pond-life.  They  will  often  be 
found  hanging  like  small  red  pear-shaped  appendages  on  a  great 
number  of  acjuatic  insects.  The  six  legs  they  started  hfe  with 
disappear  after  they  have  become  firmly  attached  by  their  mouth 
organs  to  their  host,  and  they  spend  the  remainder  of  this  period 
of  their  existence  without  any. 

This  stage  is  succeeded  by  the  nymph ;  the  little  creatures 
are  then  much  larger  and  have  eight  legs.  During  this  term  of 
their  existence  they  are  free-swimming,  and  can  be  caught  in 
the  net  in  numbers,  but  it  is  impossible  to  distinguish  the  sexes. 

In  the  last  stage, — the  adult  or  imago,  all  the  structure  and 
form  are  present,  but  many  may  be  taken  that  are  not  fully 
develo|)ed.  In  the  majority  of  species,  the  male  can  be 
distinguished  from  the  female  and  the  specific  differences 
recognised;  but  there  are  some  in  which  the  sexes  are  so  much 
alike  that  it  is  almost  impossible  to  tell  one  from  the  other.  In 
others,  again,  the  sexes  are  so  different — as,  for  instance,  in  the 
Arrhenuri — that  one  would  be  disinclined  to  think  they  could 
be  of  the  same  species. 

The  three  figures  are  intended  to  convey  to  the  beginner 
the  three  stages  mentioned.  Fig.  1  is  the  larva  of  Piuna  nodatiiss 
(Mull.).  Fig.  2,  the  nymph  of  Dip/ndnnlun  despicievs  (Mull.), 
showing  the  ventral  surface  and  the  epimeral  plates  to  which 
the  eight  legs  are  attached.  Fig.  3  is  the  adult  Dijdodontuf: 
drspiciens  (Mull.),  ventral  surface  of  female. 

'I'here  is  another  point  in  the  adult  stage  to  which  it  will  be 
well   to   draw  atteution.      When  the  mite   has  first  made  its 


^-^=^^ 


Fig.  I. 

appearance  from  the  inert  period  it  spends  between  the  nymph 

and  adult  stage,  the  bard  and  chitinous  parts  appear  to  be  nearly 

fully  developed,   but  the  soft  parts  are   not    so.      The    body 

often  appears  very  small,    while    the 

palpi,    legs,     and     epimera,    etc.,   arc 

very  large   in  proportion  ;  it   is   also 

very  poor  in  colour.     It  would  be  well 

to  ascertain  that  the  mites  are  quite 

developed     before     making    drawings 

and    taking    measurements.       In    my 

ignorance,    when    I     first    began    the 

study  of  water-mites,  I  had  to  discard 

a   number   of   drawings   I  had   made 

of   different  specimens   because   they 

afterwards  proved  to  be  only  different 

stages  of  growth  of  the  same  species  j-       ., 

of  mite. 

For  coUecting  mites  there  is  no  better  apparatus  than  the 
usual  collecting  stick  used  by  pond  hunters,  having  a  metal  ring 
attachable  at  its  end  which  carries  a  cone-shaped  net  made  of 
silk  or  muslin,  with  a  glass  tube  at  the  bottom.  The  advantage 
of  the  tube  is  that  the   contents  can  be   examined   with   an 
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ordinary  pocket  lens  at  any  moment  to  ascertain  if  anything 
has  been  secured  worth  preserving. 

It  is  advisable  to  carry  as  many  bottles  as  the  number  of 
ponds  that  are  likely  to  be  visited  ;  careful  record  should  be 
kept  of  the  exact  locality  where  each  mite  is  found,  with  the 
date  of  capture,  and  this  cannot  be  done  if  all  the  specimens  are 
carried  home  in  one  bottle. 

The  most  convenient  way  of  carrying  collecting  bottles  is  by 
sewing  two  strips  of  thick  cloth  together  with  loops  of  the 
required  size  in  the  same  manner  as  a  cartridge  bandolier.    Such 


Fio.  3. 

a  device  can  be  rolled  and  stood  at  the  bottom  of  a  bag,  and 
obviates  the  cbame  of  the  bottles  breaking  by  contact. 

During  the  summer  months  it  will  generally  be  found  that 
the  most  successful  captures  are  made  near  the  edges  and  in 
shallow  parts  of  ponds ;  in  the  winter  time  the  mites  get  into 
deeper  water.  Some  mites  are  to  be  found  only  on  the  mud  at 
the  bottom  of  ponds,  others  on  the  leaves  and  stems  of  water- 
plants.  In  collecting,  therefore,  it  is  necessary  to  let  the  edge 
of  the  net  just  skim  over  the  surfice  of  the  mud  and  sand,  and 
u])  and  down  the  stalks  and  stems  of  likely  plants. 

The  under-Burfaces  of  leaves  should  also  be  scraped  with  the 
edge  of  the  net.  Anacharis  is  a  very  favourite  plant  of  water- 
mites,  and  wherever  this  is  found  it  is  almost  certain  that  mites 
will  be  secured. 

In  addition  to  the  free-swimming  mites,  there  are  a  large 
number  of  parasitic  forms,  and  it  is  as  well  to  examine  all  forms 
of  insect-life  before  discarding  material.  Fresh- water  mussels, 
in  particular,  also  the  large  water-snails  and  water-beetles,  are 
specially  to  be  recommended  for  examination,  and,  once  more, 
let  me  emphasize  that  if  anything  is  found,  notes  should  be 
made  of  dates,  places,  and  general  details  of  the  captures. 
(To  be  continued.) 


Focussing  in  Piioto-Micrograpiiy.  —  There  are  seveial 
devices  in  regular  us^e  which  enable  the  object  that  is  to  be 
photographed  to  be  viewed  and  focussed  without  reference  to 
the  ground-glass  screen;  among  these  are  "Becks  Observing 
Prism,"  and  Mr.  Andrew  Pringle's  device  for  talcing  instan- 
taneous jihotographs,  which  is  described  in  his  "Practical  Photo- 
Micrography."  But  it  would  often  be  an  immense  convenience 
to  the  worker  if,  after  focussing  the  object  through  the 
microscope,',he  moroly  had  to  set  his  c.inera  in  position  and 
make  the  exposure,  without  readjustment  in  the  camera  itself. 
For  many  classes  of  work  this  is  almost  a  necessity,  and  a 
suggestion  offered  by  a  contributor  to  the  Journal  of  Applied 
Microscopy  is  an  excellent  and  practical  one. 

Although  the  difference  is  small  between  the  point  of  visual 
focus  when  examined  directly  through  the  eyepiece  and  when 
seen  upon  the  ground-glass  screen,  it  can  be  exactly  adjusted 
by  the  use  of  a  spectacle  lena.  This  spectacle  lens  has  to  suit 
the  individual  user,  the  particular  objective,  and  camera  length, 
but  with  a  variety  of  these  glasses  any  condition  may  be 
provided  for. 

The  simplest  way  would  bo  to  fix  standards  by  first  of  all 


focussing  the  object  sharply  upon  the  ground-glass  screen,  re- 
moving the  camera,  and  then,  looking  through  the  microscope  eye- 
piece in  the  ordinary  w^ay,  interpose  between  it  and  the  ej'e  (but 
particularly  without  altering  any  of  the  focussing  adjustments) 
several  of  these  spectacle  lenses.  When  the  one  has  been  found 
that  shows  the  object  sharply  and  at  its  best,  it  may  be  retained 
for  the  special  purpose  in  future,  i.e.,  the  next  time  the  same 
objective  and  camera  length  is  to  be  used,  after  the  usual 
focussing  adjustments  are  made  with  the  microscope,  this 
])articular  lens  will  be  interposed  and  the  focussing  altered  the 
slight  amount  necessary.  The  camera  will  then  be  placed  in 
position,  and  there  will  be  no  occasion  to  refer  to  the  ground- 
gla.ss  screen  to  verify  the  focussing. 

This  system  is  good  so  far  as  objects  are  concerned  with 
which  eyepieces  are  used,  but  aid  is  often  more  particularly 
required  where  "  Planar  "  and  long  focus  lenses  are  employed 
without  eye])ieces.  It  is  usual  to  insert  an  ej-epiece  to  place  the 
best  part  of  the  object  in  the  centre  of  the  field,  then  remove 
the  eye])iece  and  re-adjust  upon  the  ground-glass  screen ;  but 
the  difference  between  the  two  points  of  focus  is  very  great, 
and  with  considerable  camera  length  difficulty  is  often 
experienced  in  reaching  the  microscope  adjustments  :  a  hint  in 
this  direction  may  therefore  be  of  value. 

When  observing  with  the  eyepiece,  a  plano-convex  lens  of  a 
focus  which  will  vary  according  to  the  lube  length  and  other 
considerations  should  be  inserted  in  the  lower  end  of  the  draw- 
tube.  The  object  is  then  focussed  with  this  in  position.  For 
photographing,  the  draw-tube  is  entirely  removed  together  with 
the  viewing  lens  and  ej-epiece,  and  if  the  same  method  of 
procedure  is  followed  in  this  instance  as  in  the  one  previously 
described  above,  there  will  be  no  occasion  to  re-focus  on  the 
ground-glass  screen;  all  that  will  be  necessary  will  be  to  view 
the  image  sharply  focussed  on  the  ground-gla«s  screen  experi- 
mentally in  the  first  place,  then  find  the  lens  which,  when  placed 
at  the  lower  end  of  the  draw-tube  and  the  object  viewed 
through  the  eyepiece,  will  give  ihe  same  image  sharply  focussei 
to  the  eye  without  altering  the  adjustment-. 

Orjectives  for  Poxii-LiFE  Ex.\.Mi.NATioK. — A  Sup])lemen- 
tary  Note  by  Mr.  C.  F.  RorssELET. — A  few  words  on  the 
most  suitable  object  glasses  for  pond-life  work  may  be 
useful  to  the  uninitiated.  It  goes  without  saying  that  only  the 
very  best  objectives  will  give  permanent  satisfaction.  As  low 
powers,  the  li  in.  and  ijin  are  the  most  useful  glasses  and  quite 
sufficient  for  all  work,  the  jj  in.  being,  in  my  opinion,  the  highest 
power  which  can  usefully,  and  with  real  advantage,  be  used 
with  the  binocular  microscope.  Then,  for  the  study  of  the 
minuter  structure  of  the  animals,  a  higher  power,  giving  a 
magnification  of  at  least  3l))  diameters,  is  required.  A 
thoroughly  good  \  in.  or  jV  in.  object  glass  will  answer  this 
purpose.  Both  the.se  glasses,  however,  have  a  very  short 
working  distance,  which  is  a  source  of  considerable  trouble 
when  working  on  living  and  moving  objects  in  the  compressor. 
In  practice  I  have  found  Zeiss'  VI  mm.  (or  '.  in.)  apochromatic 
objective  far  better  suited  for  this  i)Urpose.  It  has  a  good 
working  distance  of  about  jjth  of  an  inch,  and  yields  a  most 
perfect  image  with  the  various  compensating  eyepieces,  ranging 
from  84  to  :S78  diameters.  This  will  cover  most  of  the  work 
the  amateur  is  likely  to  do  ;  but  occasion.ally,  for  exceedingly 
minute  anatomical  details,  an  object  glass  of  greater  numerical 
aperture  will  be  required,  for  which  I  recommend  a  ^  in.  or^L  in. 
aiiochromatic  water-immersion  lens. 


NOTES  AND  QUERIES. 

(1.  Damant. — I  quite  understand  your  difliculty,  but  it  is 
practically  impossible  to  obtain  the  light  from  one  "spot''  if  an 
incandescent  filament  is  used.  I  ain  afraid  you  will  have  to 
Siicrifice  the  ideal  in  this  res])eot.  An  inamdescent  bulb  could 
bo  quite  simply  mounted  ou  a  vertical  standard  to  do  what  you 
require,  and  very  good  results  could  be  secured. 


NOTES  ON   COMETS   AND   METEORS. 

By  W.  F.  De.\.\ing,  F.R..\.s. 

Borbki.ly's  Comkt  formed  a  fairly  conspicuous  object  in  July, 
passing  successively  tlu-ougli  Cygnus,  Draco,  and  Ursa  Major, 
but  it  has  now  iipproaehed  too  near  to  the  sun  for  observation.     Even 
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at  the  time  of  full  moon  on  July  9  it  continued  visible  to  the 
naked  eye,  and  seemed  decidedly  brighter,  on  the  whole,  than  Perrine's 
comet  of  September  and  October,  1903.  On  July  19,  as  viewed  in  a 
field-glass,  the  comet  had  a  tail  about  2  degrees  long,  directed 
southwards,  but  it  was  ditlicult  to  assign  exact  limits  owing  to  the 
faintness  of  tlie  outer  portions.  It  ia  rarely  that  the  apparent  paths 
of  comets  are  placed  so  favourably  in  the  sky  for  observational 
purposes  as  were  those  of  Perrine  and  Borrelly,  for  the  great  majority 
of  these  visitors  in  their  flights  to  and  from  tlie  sun  are  not  far  above 
the  horizon,  and  more  or  less  involved  in  twilight  and  obscuring 
vapours.  The  Uvo  bodies  alluded  to  passed,  however,  near  the  zenith, 
and  being  visible  to  the  unaided  eye  could  be  readily  followed  through 
extensive  ranges  of  the  firmament.  But  it  is  to  be  remarked  that 
while  Perrine's  comet  of  1902  attracted  a  large  amount  of  attention, 
the  present  object,  though  equally  deserving,  received  comparatively 
little  notice.  In  the  case  of  the  former,  however,  special  comments 
were  made  in  the  newspapers  soon  after  its  discovery,  and  the 
probabilities  of  its  developing  into  a  comet  of  the  largest  class  were 
exaggerated.  Needless  to  say,  the  public  expected  much  and  saw 
practically  nothing.  Thus  the  present  visitor  has  failed  to  excite 
much  enthusiasm,  for  a  good  many  people,  having  looked  in  vain  for 
certain  previous  comets  as  well  as  for  November  meteors,  are  inclined 
to  regard  promised  celestial  apparitions  as  rather  mythical  in  view  of 
several  past  disappointing  experiences. 

Borrelly's  comet  has  been  very  fully  investigated  at  the  Lick 
Observatory  (Bulletin  47).  Besides  the  observations  for  position,  the 
spectrum  has  been  carefully  studied,  and  several  photographs,  both 
of  the  comet  and  its  spectrum,  have  been  secured.  The  spectrum 
consisted  of  the  chai'acteristic  cometary  bands,  due  to  carbon  or  some 
of  its  compounds,  and  it  may  be  worth  while  to  mention  that  the 
three  bands  in  the  visible  spectrum  were  easily  seen  by  Mr.  Fowler 
and  others  with  a  small  slit  spectroscope  attached  to  a  3-inch  refi'actor. 
Photographs  taken  before  July  14th  show  two  tails,  one  long,  straight, 
and  narrow,  and  the  other  of  about  one-third  the  length,  and  greatly 
curved,  the  latter  being  the  brighter.  On  the  last  two  days  of  June 
the  longer  tail  was  split  into  two  branches,  but  on  the  day  following 
it  was  again  sharp  and  single.  On  July  14tli  the  straight  tail, 
extending  over  SJ  degrees,  alone  appears,  widening  out  slightly  as  it 
extends  away  from  the  head.  Throughout  the  period  of  observation, 
the  straight  tail  was  directed  almost  exactly  away  from  the  sun,  and 
the  nucleus  was  always  sharply  defined. 

Periodical  Comets. — Though  seven  of  these  interesting  objects 
are  due  to  return  to  perihelion  this  year,  not  one  of  them  has  been 
detected  at  the  time  of  writing.  The  following  is  the  complete  list  of 
the  expected  reappearances  :  — 

Probable  Date 
Comet.  of  Perihelion.  Period  of 

1903.  Eevolution. 

Tempel-Swift         ...         January         ...         5"547  years. 
Brooks  (1886 IV.)...         March  25      ...         5-595      „ 
Perrine  (1896  VII.)         April  27        ...         6441      „ 

Faye  June  3  ...         7-488      „ 

Giacobini  (1896  V.)  June  22  ...  6  647  „ 
Spitaler(189lII.)...  August  1  ...  6378  „ 
Brooks  (1889  V.)  ...  December  11 ...  7-097  „ 
The  failure  to  re-observe  these  objects  is  doubtless  to  be  attributed  in 
several  cases  to  their  unfavourable  positions,  but  the  number  of  large 
telescopes  more  or  less  employed  in  cometary  work  would  lead  us  to 
expect  more  successes  in  this  field.  It  should  be  remembered,  however, 
that  these  comets  are  not  only  small,  but  that  they  are  subject  to 
physical  changes  inducmg  great  variation  in  their  luminosity. 
Holmes's  comet  was  perceptible  to  the  naked  eye  in  1892,  but  at  its 
next  return  was  visibly  reduced  to  the  15th  magnitude,  and  could 
only  be  distinguished  in  two  telescopes,  viz.,  the  Yerkes  40-inch  and 
the  Lick  36-inch  refractor.  It  is  probable  tliat  some  of  these 
periodical  comets  are  undergoing  a  process  of  disintegration  similar 
to  that  which  affected  Biela's  comet,  and  that  in  time  many  of  them 
will  lose  their  distinctive  characters  as  cometary  bodies,  and  be 
resolved  into  distended  meteoric  streams,  only  visible  from  our  planet 
under  the  form  of  shooting  stars.  The  two  short-period  comets  of 
D' Arrest  and  Pons-Winnecke  are  due  in  January,  1904,  but  the 
circumstances  attending  their  return  are  not  favourable,  and  they  are 
both  likely  to  escape  observation. 

July  Meieoes. — The  weather  during  the  latter  part  of  July  was 
very  unsettled,  with  much  rain  and  cloud,  so  that  few  meteoric 
observations  could  be  obtained.  The  writer,  at  Bristol,  watched  on 
July  24  for  If  hours,  and  saw  20  meteors,  while  on  July  26  a 
2  hours'  watch  yielded  20  meteors.  The  oncoming  of  tlie  great 
Perseid  shower  was  distinctly  evident  on  July  24,  though  only  three 
of  its  meteors  were  seen.  Two  of  these  were  pretty  bright,  and 
appeared  within  2  minutes  of  each  other  at  llh.  27m.  and  llh.  29m. 
It  is  often  the  case  that  a  pair  of  meteors   from  one  and  the  same 


system  make  their  apparitions  within  a  short  interval  of  time,  and 
the  inference  is  that  the  two  bodies  formed  portions  of  what  was 
originally  one  mass.  Large  individual  meteors  are  probably  often 
broken  up  by  disturbances  affecting  them  during  their  revolutions, 
and  may  be  resolved  into  a  number  of  small  meteors  moving  in 
nearly  concentric  orbits.  The  writer  has  occasionally  recorded, 
within  a  few  seconds  of  each  other,  three  meteors  from  a  railiant 
which  has  given  no  further  manifestation  of  activity  during  a  watch  of 
several  hours'  duration.  On  July  2'>  two  or  three  small  Perscids 
were  seen,  but  the  shower  had  apparently  gained  no  strength  since 
July  24.  The  principal  radiant  seemed  to  be  near  B  Pegasi  at 
348° -I  25°.  No  Aquarids  were  observed.  The  most  remarkable  meteor 
recorded  on  the  two  nights  appeared  on  July  26  at  12h.  45m.  It 
moved  with  extreme  slowness  from  64°  -t-  27°  to  16°  + 14°  in  about 
31  seconds,  and  came  almost  to  a  standstill  at  the  end  of  its  path. 
It  had  a  dull  reddish  nucleus,  and  was  directed  from  a  radiant  a  long 
way  back  on  its  line  of  flight  at  233° -H  38°  near  !|  Corona;.  The  same 
meteor  was  well  observed  by  Prof.  A.  S.  Herschel  at  Slough,  who  gives 
the  path  as  291° -H  31°  to  3I0i''-l-22°,  and  by  Mr.  A.  King  at  Leicester, 
who  recorded  it  as  315°  — 13°  to  323i°  — 191°.  Prof.  Herschel  describeg 
the  colour  as  yellow,  then  reddish-orange,  and  estimated  the  duration 
of  flight  as  Zi  to  4  seconds.  Mr.  King  says  the  tint  was  deep  orange, 
and  duration  2i  seconds.  The  meteor  passed  over  the  northern 
district  of  Hampshire,  and  fell  from  a  height  of  51  to  39  miles,  along 
a  path  of  21  miles,  witli  a  velocity  of  6A  miles  per  second.  Atmospheric 
resistance  had  probably  much  reduced  its  original  speed,  and  could 
the  luminous  career  of  the  meteor  have  been  prolonged  until  much 
nearer  the  earth's  surface,  a  further  "  slowing  up "  would  have 
become  obvious. 

A  bright  meteor,  belonging  to  the  a  Andromedids  of  July,  was 
observed  by  Prof.  Herschel  at  Slough,  and  by  the  writer  at  Bristol, 
on  July  26,  12h.  35m.  It  was  seen  nearly  in  the  zenith  of  Slough, 
and  here  it  appeared  as  bright  as  Sirius.  The  radiant  was  at  l°-f-27°, 
and  height  66  to  46  miles,  from  Han-ow  to  High  Wycombe.  Length 
of  path  29  miles,  and  velocity  53  miles  per  second. 

Large  Meteors. — On  July  1,  at  about  lOh.  25m.,  a  meteor 
brighter  than  Venus  was  seen  by  Mr.  T.  H.  Astbury,  of  Wallingford, 
Berks,  passing  from  318° -1-321°  to  328° -h  26'.  It  left  a  white  streak, 
enduring  several  seconds. 

On  July  30th,  llh.  40m.,  a  magnificent  meteor,  "the  size  of  a  man's 
fist,"  was  observed  near  Bishop's  Stortford,  high  in  the  S.S.W.,  and 
passing  towards  S.  It  left  a  long  train,  and  illuminated  the  landscape 
vividly.  At  Seaton,  East  Devon,  the  same  meteor  was  seen  in  the 
N.E  ,  and  gave  a  brilliant  flash.  It  travelled  in  a  S.E.  direction,  and 
left  a  long  trail  of  fire.  It  was  also  observed  at  Yarnseombe  by 
several  people,  who  were  startled  at  the  sudden  outburst  of  light,  and 
at  first  mistook  it  for  lightning. 


THE   FACE  OF  THE  SKY  FOR  SEPTEMBER. 

By  W.  Shackleton,  f.r.a.s. 

The  Sun. — On  the  1st  the  sun  rises  at  .5. 12  and  sets  at 
6.48 ;  on  the  30th  he  rises  at  5.58  and  sets  at  5.-42. 

The  equation  of  time  is  negligible  on  the  2nd  ;  this  date, 
therefore,  is  suitable  for  the  ready  adjustment  of  sun- 
dials, etc. 

The  Zodiacal  Light  is  prominent  in  the  east,  just  before 
sunrise. 

Autumn  commences  on  the  24th,  when  the  sun  enters 
the  sign  of  Libra  at  (J  a.m. 

There  is  a  total  eclipse  of  the  sun  on  the  21st,  but  only 
visible  from  the  Antarctic  area  (see  Knowledge,  p.  121, 
vol.  XXIV.,  1901). 

Sunspots  and  faculiE  have  been  prevalent  of  late ;  at 
the  time  of  -writing  there  are  three  groups  of  spots  on  the 
solar  disc. 

The  Moon  : — 


Phases. 

H.  m:. 

Sept.     7 

O  Full  Moon 

0    20    A.M. 

„     14 

([    Last  Quarter 

1    14    P.M. 

.,     21 

0  New  Moon 

4    31     A.M. 

„    28 

])    First  Quarter 

1       9    P.M. 

The  moon  is  in  apogee  on  the  3rd   and   30th,  and  in 
perigee  on  the  19th. 
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Oceultations  : —  ii.     jr. 

3  Sept.  B.A.C.  70(J3  (Mag.  Cy2)  at  7  4  p.m. 
n  „  D.M.  + 12°  436  (Mag.  5-9)  at  11  53  p.m. 
13      „        B.A.C.  1520        (Mag.  .5-8)  at  11  56  p.m. 

The  Planets. — Mercury  is  an  evening  star  in.  Virgo. 
On  the  7th  he  is  at  greatest  easterly  elongation  of  27°  E., 
on  which  date  he  sets  about  7  p.m.  He  is,  liowever,  not 
well  placed  for  observing,  but  on  the  day  of  greatest 
elongation  he  has  practically  the  same  R.A.  as  y  Virginis, 
and  is  6°  ti:)  the  south  ;  this  may  be  of  some  assistance  in 
locating  him. 

Venus  is  luiobservable,  being  in  inferior  conjunction 
with  the  sun  on  the  17th. 

Mars  is  still  visible  in  the  south-west  for  a  short  time 
after  sunset,  but  on  account  of  his  small  altitude  and  his 
feeble  luminosity,  due  to  his  increased  distance  from  the 
earth,  he  is  unsuitable  for  observation. 

Jupiter  is  now  becoming  a  brilliant  object  in  the  evening 
sky  looking  towards  the  S.E.  He  is  in  opposition  to  the 
snn  on  the  12th.  when  ho  attains  his  greatest  apparent 
diameter,  being  then  nearest  the  earth ;  on  this  date  the 
polar  and  equatorial  diameters  are  respectively  47"1  and 
50"-4. 

The  most  interesting  satellite  phenomena  visible  before 
midnight  are  as  follow  : — 


Date. 

SateUite. 

Pheno- 

Time. 

P.M. 

Date. 

SateUite. 

rheno- 

Time. 

P.M. 

Sept 
1 

Tr.I. 

h. 
8 

m. 
Ifi 

Sept. 
21 

iir. 

Sh.  I. 

h    m. 

8  :o 

,j 

8h.  E. 

10 

17 

ij 

III. 

Tr.  E. 

10  22 

„ 

Sh.  r. 

10 

23 

„ 

III. 

Sh.  K. 

11  26 

^1 

Tr.  E. 

10 

33 

23 

1. 

Oc.  D. 

10  43 

ji 

Tr.  I. 

10 

59 

24 

I. 

Tr.  I. 

7  52 

3 

Oc.  R. 

8 

0 

,, 

I. 

Sh.  I. 

8  11 

Ec.  D. 

10 

13 

I. 

Tr.  E. 

,   10     9 

8 

Sh.  I. 

9 

53 

,1 

I. 

Sh.  E. 

10  29 

Tr.I. 

9 

59 

II. 

Oc.  D. 

11  59 

9 

Oc.  R. 

9 

32 

25 

I. 

Ec.  R. 

7  45 

10 

Oe.  R. 

10 

13 

26 

II. 

Sh.  I. 

7  37 

15 

Tr.I. 

11 

42 

1, 

ir. 

Tr.  E. 

9  34 

Sh.  I. 

11 

48 

II. 

Sh.  E. 

10  21 

16 

Oc.  D. 

8 

59 

1     27 

IV. 

Tr.  I. 

7  55 

,, 

Ec.  R. 

11 

22 

i     11 

IV. 

Ti.  E. 

11     2 

17 

Tr.  E. 

8 

25 

^^ 

IV. 

Sh.  I. 

11  34 

Sh.  E. 

8 

34 

,     28 

III. 

Tr.  I. 

10  30 

" 

Oc.  D. 

9 

46 

1 

Ec.  =  Eclipse.     Tr.  =  Transit.      Oc.  =  Occultation.      Sh.  =  Shadow. 
E.  -  Egress.     I.  -=  Ingress.     T>.  =  Disappears.     R.  =  Reappears. 

Saturn  is  rather  low  down  in  the  sky,  but  otherwise  is 
very  favourably  situated  for  easy  observation  in  the 
evening;  he  is  on  the  meridian  at  9.45  p.m.  on  the  1st,  and 
at  7.45  P.M.  on  the  30th,  having  an  altitude  of  about  20". 
The  apparent  polar  diameter  of  the  ball  is  16"'(;,  whilst 
the  outer  major  and  minor  axes  of  the  ring  have  diameters 
of  41"'8  and  14"-4  respectively. 

The  ring  is  beautifully  open,  the  ring  plane  being 
inclined  at  au  angle  of  20°  to  our  lino  of  vision,  and  we 
are  looking  on  the  northern  surface. 

Uranus  is  too  low  iu  the  south-west  to  be  easily 
observable. 

Neptune  is  not  in  convenient  position  for  observing 
until  near  midnight. 

The  Stars. — At  the  beginning  of  the  month,  at  !•  p.m., 
the  following  constellations  are  to  be  observed  : — ■ 
Zenith     .     Lyra,  Cygnus. 


SOTJTH 


Aquila,     Delphinus,     Aquarius,    Capricomus, 

Sagittarius  ;      Serpens,      Ophiuchus,      and 

Scorpio,  to  tlie  S.W. 
Andromeda,    Pegasus,     Pisces,    and    Aries ; 

Pleiades  on  horizon. 
Hercules,  Corona,  Bootes. 
Ursa   Major,  Ursa  Minor;  N.E  ,  Cassiopeia 

and  Perseus;  Auriga  (Oapella)  on  horizon. 
Minima  of  Algol  occur  on  the  3rd  at  0.37  a.m.,  5th  at 
9.2(3  p.m.,  25th  at  11  9  p.m.,  28th  at  7.58  p.m. 


East 


West 
North 


(!Ei)css  Column. 

By   C.    D.    LococK,   b.a. 

Communications  for  this  column  should  be  addressed 
to  C.  D.  LococK,  Netherfield,  Camberley,  and  be  posted 
by  the  10th  of  each  month. 

Solutions  of  August  Problems. 
No.  1  (W.  Geary). 
1.  Q  to  Ktsq.,  and  mates  next  move. 
No.  2  (A.  LiUie). 
[The  author's  key  is  1.  Q  to  E8,  but  there  are  several 
other  solutions,  e.g.,  1.  Q  to  B4ch,  1.  K  to  Kt7, 1.  E  to  B7.] 
SoLrTioNs    received    from    "  Alpha,"   2,  6 ;    W.    Nash, 
2,    6;    G.    A.  Forde    (Major),  2,  4;    "  Looker-ou,"  2,  6; 
W.  H.  S.  M.,  2,  6;  G.  W.    Middleton,  2,  G;  "  Quidam," 
2,  6 ;   C.  Johnston,  2,  6 ;   H.  F.  Culmer,  2,  4 ;  T.  Dale, 
2,6;    E.  A.  Servante,  2,  4 ;    J.   W.  Dixon,  2,  6;   A.  C. 
Challenger  (too  late  to  count  points). 

"  Quidam  "  has  written  to  say  that  he  sent  in  solutions 
of  the  May  problems  under  his  real  name  instead  of  his 
usual  pseudonym.  Hence  the  fact  that  he  was  not  credited 
with  points  for  them.  The  solutions  were  perfectly  correct, 
and  6  points  must  accordingly  be  added  to"Quidam's" 
score  as  published  in  the  July  number. 

C.  V.  IIo%vard. —  Correct,  but  nearly  a  fortnight  too  late. 

W.  H.  S.  M. — Tour  postcard  of  June  27th  postmark 
for  some  reason  took  three  weeks  to  reach  me,  arriving 
just  in  time  for  a  special  correction  after  proofs.  Your 
letter  of  August  10th  (insufficiently  stamped,  by  the  way) 
contains  solutions  of  July  prolilems. 

E.  A.  Servante. — The  problems  shall  be  examined. 
Could  you  not  use  more  conventional  diagrams  r 

PROBLEMS. 

No.  1 

By  H.  N.  Fellows  (Wolverhampton). 

BlACK    (-t). 


WniTK  (!)). 
White  mates  in  two  moves. 
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No.  2. 
Bj  B.  G.  Laws. 

Black  (9). 


White  (S) 

White  mates  in  three  moves. 


CHESS   INTELLIGENCE. 

The  Nortli  v.  South  Correspondence  Match  has  again 
been  won  by  the  South,  but  the  margin  of  victory  is  much 
less  decisive  than  on  the  last  occasion.  The  final  score 
was — South,  138;  North,  114.  On  the  Northern  side  the 
Lancashire  and  Cumberland  players  proved  to  be  the  most 
successful.  The  prizes  offered  for  tlie  best  games  were 
awarded  to  Mr.  F.  P.  Carr,  South  (No.  8),  and  Mr.  H. 
Doyle,  North  (No.  17). 

Mr,  Lasker,  as  might  have  been  expected,  has  declined 
to  accept  the  terms  suggested  by  Mr.  Marshall  for  a 
championship  match.  A  match  between  Messrs.  Lasker 
and  Pillsbury  seems  a  much  more  likely  event,  and  would 
certainly  arouse  more  interest. 


ame  plaved  in  the  recent  ' 

'  King's  Gambit "'  To 

louna. 

"  Muzio  G 

imbit 

." 

"White. 

Blace. 

G.  Maroczy. 

M.  Tcbigorin. 

1.  PtoK4 

1. 

P  to  K4 

2.  P  to  KB4 

o 

P  takes  P 

3.  Kt  to  KB3 

3. 

P  to  KKt4 

4.  B  to  B4 

4. 

P  to  Kt5 

5.  Kt  to  B3  (a) 

5. 

P  takes  Kt 

6.  Q  takes  P 

G. 

P  to  Q3 

7.  P  to  Q4 

7. 

B  to  K3 

8.  Kt  to  Q6  (6) 

8. 

P  to  QB3 

«.  Castles 

9. 

P  takes  Kt 

10.  P  takes  P 

10. 

BtoB4 

11.  B  takes  P 

11. 

B  to  Kt3 

12.  B  to  Kt.Dch 

12. 

Kt  to  Q2 

13.  QR  to  Ksqch 

13. 

B  to  K2 

14.  B  takes  P 

14. 

K  to  Bsq  (c) 

15.  E  takes  B  ! 

15. 

Kt  takes  R 

16.  R  to  Kscj 

16. 

K  to  Kt2  (d) 

17.  B  takes  KKt 

17. 

QtoR4 

18.  Q  to  K2 

18. 

Kt  to  Bsq  (e) 

19.  B  to  B6ch 

19. 

K  to  Ktsq 

20.  Q  to  K5 

20. 

P  to  KR3 

21.  B  takes  R 

21. 

P  to  B3 

22.  Q  to  K7 

22. 

K  takes  B  (/) 

23.  Q  takes  Pch 

23. 

Resigns. 

Notes. 
(«)  The  modern  fashion,  instead  of  5.  Castles,  which 
used  to  be  almost  the  invariable  procedure.  The  text 
move  has  the  advantage  of  forestalling  the  defence 
7.  .  .  .  Q  to  B3,  threatening  Q  to  Q5ch  if  White  had 
Castled. 

(6)  A  very  remarkable  move,  necessitating,  presumably 
of  set  purpose,  the  saci-ifice  of  another  piece. 

(c)  14.  ...  Q  to  Kt3  certainly  seems  preferable.  If 
then  15.  Q  to  QE3,  as  sviggested  by  the  Yorlshire  Post, 
Black  could  Castle  on  the  Queen's  side  with  apparent 
safety,  before  or  after  checking,  without  losing  more  than 
one  of  the  pieces  gained.  The  move  made  gives  Herr 
Maroczy  the  opportunity  for  further  In-illiancy. 

(d)  Probably  K  to  Ktsq  would  be  better,  in  view  of  the 
colour  of  the  diagonal  occupied  by  the  more  prominent 
White  Bishop. 

(e)  If  18.  .  .  .  QR  to  Qsq,  19.  BxKt,  RxB  ;  20.  B  to 
B6ch,  K  to  Bsq  ;  21.  Q  to  K3  wins. 

(/)  If  22.  ...  B  to  B2,  23.  R  to  K3,  Kt  to  Kt3  ;  21. 
R  to  KKt3,  etc. 

A  correspondent  sends  the  following  very  instructive 
ending  of  a  game  recently  played  : — 


White  (9). 

White  mates  in  four  moves. 


All  mannscripts  should  he  addressed  to  the  Editors  of  Snowledoe,  326,  High 
Holbom,  London  ;  they  should  be  easily  le^ble  or  typewritten.  All  diagrams 
or  drawings  intended  for  reproduction,  should  be  made  in  a  good  black 
medium  on  white  card.  While  happy  to  consider  unsolicited  contributions, 
which  should  be  accompanied  by  a  stamped  and  addressed  envelope,  the 
Editors  cannot  be  responsible  for  the  loss  of  any  MS.  submitted,  or  tor  delay 
in  its  return,  although  every  care  will  be  taken  of  those  sent. 

Communications  for  the  Editors  and  Books  for  Review  should  be  addressed 
Editors,  Knowledge,  326,  High  Holbom,  London. 
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RADIUM. 

By  Edwim  Edsek,  a  r.c.Sc,  f.ph.s. 

Many  and  various  are  the  effects,  apparent  in  the  present 
aspect  of  science,  which  may  be  traced  to  Prof.  Riintgen's 
classical  discovery  of  "  X-Rays  "  in  1895 ;  of  these,  not 
the  least  important  is  the  sustained  interest  manifested  in 
connection  with  all  problems  relating  to  radiation.  To 
this  interest  must  be  ascribed  the  Itrilliant  series  of 
researches  which  have  cubniuat«d,  for  tlie  time  being,  in 
the  discovery  of  a  new  element.  Radium  ;  an  element 
possessing  properties  so  far  removed  from  thosi'  generally 
imputed  to  matter,  that  many  of  our  aeceptiMl  soientitie 
theories  are  found  to  ivcjuire  reconsideration,  wliile  some 
must  be  profoundly  modified  or  even  abandoned.  A 
characteristic  continually  recurring  in  these  researches  is 
the  unexpectedness  of  tlie  results  achieved;  o^er  and  over 
again  an  experimenter,  when  seeking  for  some  effect  which 
might  rationally  have  been  anticipated,  has  come  across  a 
phenomenon  which  may  fairly  be  said  to  have  transceuded 
all  previous  knowledge. 

A  beginning  was   made   in    1896   by  M.   Henry,  who 


showed  that  phosphorescent  sulphide  of  zinc  emits  radia- 
tions which  can  penetrate  lilack  paper,  and  affect  a  photo- 
graphic plate.  About  the  same  time  M.  Niewenglowski 
found  that  sulphide  of  calcium,  rendered  phosphore.=cent 
by  exposure  to  sunlight,  emits  radiations  which  can  pene- 
trate a  thin  sheet  of  aluminium.  Unlike  X-rays,  these 
radiations  are  refracted  by  glass  ;  they  apparently  con- 
stitute an  intermediate  link  between  ordinary  ultra-violet 
hght  and  X-rays.  M.  Henri  Becquerel  followed  up  these 
researches  by  placing  various  phosphorescent  substances 
above  photographic  plates  shielded  from  light  by  layers  of 
black  paper  or  aluminium.  On  one  occasion  a  plate  was 
enclosed  in  black  paper,  on  the  outside  surface  of  which  a 
quantity  of  the  double  sulphate  of  uranium  and  potassium 
was  sprinkled.  It  had  been  intended  to  expose  this 
arrangement  to  sunlight  in  order  to  provoke  phosphores- 
cence in  the  uranium  salt,  but  the  weather  proving 
inclement,  the  prepared  plate  was  placed  just  as  it  was  in 
a  drawer,  where  it  was  left  for  several  days.  By  a  lucky 
chance  it  was  afterwards  decided  to  develop  this  plate ; 
on  doing  so,  it  was  found  that  it  had  Ijeen  affected  by 
some  form  of  radiation  emitted  by  the  uranium  salt, 
although  the  latter,  having  remained  unexposed  to  sun- 
light, had  produced  no  visible  phosphorescence.  Subse- 
quent experiments  showed  that  the  uranium  salt  appa- 
rently possessed  the  property  of  continually  emitting  radia- 
tions, which,  though  invisible  to  the  eye,  could  traverse 
paper,  wood,  or  aluminium,  and  subsequently  decompose 
silver  salts.  It  was  found  that  this  property  persisted, 
without  any  discernible  falling  oft',  after  three  years,  during 
the  whole  of  which  time  the  active  substance  was  enclosed 
in  a  leaden  box  with  double  walls.  These  radiations  were 
termed  "Becquerel  rays,"  in  honour  of  their  discoverer. 
It  was  at  first  thought  that  they  were  extinguished  by 
crossed  tourmalines,  in  which  case  we  should  have  had  to 
conclude  that  they  were  polarizable,  and  therefore  essen- 
tially transverse  ether  vibrations  resembling  ordinary 
light,  but  differing  from  it,  in  all  probability,  in  having 
a  much  smaller  wave-length.  Subsequent  experiments 
proved,  however,  that  there  was  no  conclusive  evidence  of 
polarization. 

Becquerel's  discovery  excited  considerable  attention,  and 
much  surprise  was  naturally  evinced  that  any  substance 
should  be  capable  of  continually  emitting  energy  without 
showing  signs  of  ultimate  exhaustion.  Had  we  at  last 
found  a  case  to  which  the  law  of  conservation  of  energy 
did  not  aiiplyV  Could  we  be  said  to  have  found  au 
inexhaustible  source  of  energy  ?  These  questions  were 
frequently  asked.  But  to  be  fruitful,  such  questions  must 
be  submitted  to  nature,  and  not  merely  propounded  in 
newspapers  or  the  pages  of  a  scientific  periodical.  Among 
those  who  felt  themselves  impelled  to  seek  further  ex- 
perimental evidence  on  this  interesting  topic  must  be 
mentioned  M.  Pierre  Curie  and  Mine.  Sklodowska  Curie. 
To  understand  the  advance  these  iuvestigat^jrs  effected,  it 
must  be  nieutioued  that  the  radiations  emitted  by  uranium 
salts  are  very  feebU",  reijuiriiig  many  hours  even  to  affect 
a  photographic  plate.  The  metal  uranium  was  discovered 
in  1789  by  the  German  chemist  Klaproth  ;  it  has  anatomic 
weight  of  239,  and  occurs  in  various  minerals,  notably 
"  urauinite  "  or  "  pitolibleude."  which  is  a  mineral  con- 
taining about  81'5  per  cent,  of  uranium,  -i  per  cent,  of 
lead,  and  0  5  per  cent,  of  iron,  with  oxygen,  water,  and 
various  impurities.  It  occurred  to  Mine.  Curie  to  test  the 
radio-activity  of  the  residue  obtained  after  removing  the 
uranium  from  pitchblende.  To  her  surprise,  she  found 
that  the  radio-activity  of  the  i-esidue  was  far  greater  than 
that  of  the  sepamted  uranium  salt.  The  radio-activity 
observed  by  Becquerel  was  thus  proved  to  be  due  to  some 
hitherto  unknown  substance  or  substances  occurring  in 
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pitehblende,  traces  of  which  are  carried  down  with  the 
separated  urauium  salt,  and  remain  with  it  as  an  impurity. 
Now  commenced  a  long,  arduous,  and  painstaking  attempt 
to  discover  the  nature  of  these  substances.  Anyone  who 
has  attempted  to  analyse  exhaustively  a  mineral  for  l-nown 
substances  answering  to  l-nown  chemical  reaction  can  form 
some  faint  idea  of  the  diflicidty  which  the  Curies  met,  and 
surmounted,  in  their  attempt  to  isolate  the  radio-active 
agent  in  pitchblende,  without  any  previous  knowledge 
of  its  chemical  properties.  First  of  all,  a  radio-active 
substance  was  separated,  which  was  about  300  times  as 
active  as  the  salts  examined  by  Becquerel.  This  substance, 
which  resembles  bismuth  in  its  chemical  behaviour,  was 
tenaed polonium  by  Mme.  Curie,  in  honour  of  Poland,  her 
native  land.  Later  on,  M.  and  Mme.  Curie,  together  with 
M.  Bemont,  isolated  a  second  substance,  which  was  tenned 
radium.  In  1899  a  third  substance,  which  is  closely 
associated  with  thorium,  was  isolated  ;  this  substance  has 
been  termed  actinium.  Of  these  three  substances,  radium 
alone  has  been  isolated  in  a  state  of  purity  sufficient  to 
determine  its  essential  properties.  It  has  not  been  obtained 
in  the  form  of  a  metal,  but  only  in  that  of  a  salt,  such  as 
a  bromide,  chloride,  or  nitrate.  There  appears  to  be  no 
doubt  as  to  its  being  a  true  element  ;  M.  Curie  has  gone 
so  far  as  to  determine  its  atomic  weight,  which  is  found  to 
be  225.  It  also  has  a  definite  spectrum.  '1  he  best  samples 
of  radium  obtained  by  the  Curie  are  1,000,000  times  as 
active  as  the  uranium  salts  originally  examined  by 
Becquerel.  To  understand  the  difficulty  of  obtaining  an 
appreciable  amount  of  radium,  it  must  be  remembered 
that  as  a  preliminary  step  urauium  must  be  removed  from 
the  pitchblende;  in  order  to  obtain  one  kilogram  (22  lbs.) 
of  radium,  it  would  be  necessary  to  treat  5000  tons  of  the 
uranium  residues  !  After  this  we  can  hardly  wonder  that 
radium  bromide  costs  about  =£1250  jier  gramme.  As  Prof. 
J.  J.  Thomson  has  said,  it  is  more  easy  to  isolate  the  gold 
in  sea-water  than  to  separate  the  radium  in  pitchblende. 

Having  obtained  a  substance  so  powerfully  radio-active 
as  radium,  M.  and  Mme.  Curie  were  in  a  position  to 
determine  the  conditions  attendmg  radio-activity.  In  the 
first  place  it  was  found  that  an  insulated  charged  conductor 
quickly  loses  its  charge  if  a  radio-active  substance  is 
sprinkled  on  it.  Further,  if  a  particle  of  radium  is 
brought  near  a  charged  electroscope,  the  latter  is  quickly 
discharged.  Now  it  has  been  known  for  many  years  that 
ultra-violet  light,  if  allowed  to  fall  on  a  negatively 
charged  body,  will  cause  a  rapid  discharge  to  occur.  By 
a  beautiful  series  of  experiments.  Prof.  J.  J.  Thomson  has 
shown  that  ultra-violet  light  causes  small  negatively 
charged  particles  to  be  thrown  off  from  bodies  on  which  it 
falls,  and  has  even  determined  the  mass  of  these  particles, 
each  of  which  possesses  about  one-thousandth  part  of  the 
mass  of  an  hydrogen  atom.  X-rays,  falling  on  a  body, 
cause  negatively  charged  particles  of  a  similar  character  to 
be  thrown  off.  The  question  now  arose  as  to  whether 
radium  rays  were  essentially  similar  to  either  ultra-violet 
rays  or  X-rays  ?  If  not,  what  was  their  distinguishing 
characteristic  ? 

The  answer  to  this  question  is  derived  from  the 
circumstance  that  the  most  active  portions  of  radium 
emanations  are  deflected  when  they  pass  at  right  angles 
across  a  magnetic  field,  while  the  i-ays  of  ultra-violet  light, 
or  X-rays,  are  undeflected  under  similar  conditions.  To 
explain  this  more  fully,  let  us  suppose  that  a  horse-shoe 
magnet  is  laid  on  a  photographic  plate.  Between  the 
magnet  poles,  stretching  from  one  to  the  other,  are 
lines  of  magnetic  force,  which  are  said  to  constitute  a 
magnetic  field.  These  lines  will  lie,  in  the  main,  parallel 
to  the  plate.  A  ray  of  light,  or  an  "  X-ray,"  incident 
normally  on  the  plate  between  tiie  ijoles  of  the  magnet, 


will  be  at  right  angles  to  the  lines  of  force.  Now,  if  such 
a  ray  is  deflected  by  the  magnetic  field,  the  plate,  when 
developed,  will  exhibit  a  dark  spot  at  a  jiosition  different 
from  that  which  would  be  produced  if  the  magnet  had 
been  absent.  In  another  arrangement,  the  ray  may  be 
allowed  to  fall  on  the  plate,  first,  with  the  magnet  absent, 
anl  then,  without  altering  anything  else,  with  a  magnet 
pi  iced  so  that  the  ray  passes  between  its  poles.  If  the 
r.iv  is  deflected  by  the  magnetic  field,  we  shall  obtain  two 
sjiots  on  the  developed  plate,  one  due  to  the  deflected,  and 
the  other  to  the  undeflected  ray.  Such  deflection  has 
never  Ijeen  observed  with  relation  to  X-rays  or  light  rays, 
and  tliis  fortifies  us  in  our  belief  that  X-rays  are  merely 
ultra-violet  rays  of  extremely  short  wave-length.  On  the 
other  hand,  if  a  particle  of  radium  is  placed  above  a 
photographic  plate,  from  which  it  is  separated  by  a  sheet 
of  black  paper  or  aluminium,  a  diffused  spot  on  the  de- 
veloped plate  will  show  the  position  where  the  radium  rays 
struck  it.  The  position  of  this  spot  differs  when  a  magnet 
is  laid  on  the  plate  so  that  the  rays  pass  between  its  poles, 
and  when  the  magnet  is  absent;  thus  radium  rays  are 
distinguished  from  X-rays,  or  light  rays,  by  their  capacity 
to  be  deflected  in  a  magnetic  field. 

It  is  well  known  that  a  conductor  traversed  by  an 
electrical  current  will  be  acted  on  by  a  force  tending  to 
displace  it  if  it  is  placed  at  right  angles  to  the  lines  of 
force  of  a  magnetic  field ;  a  practical  application  of  this 
law  has  given  us  the  electric  motor.  It  is  further 
generally  admitted  that  a  series  of  electrically  charged 
particles  moving  along  a  straight  line  acts  in  many  respects 
like  an  electrical  conductor  carrying  a  current.  In  other 
words,  if  we  imagine  electrified  particles  to  be  projected 
with  great  velocity  along  a  given  straight  line,  the  path 
of  these  particles  may  remain  strictly  rectilinear  if  they 
nowhere  cross  the  lines  of  force  of  a  magnetic  field  ;  but 
if,  anywhere  in  their  course,  they  pass  between  the  poles 
of  a  strong  magnet,  their  path  will  there  be  deflected,  and 
will  subsequently  be  inclined  to  its  original  direction. 
Such  a  stream  of  particles  would  therefore  strike  different 
points  of  a  target,  according  as  it  passed  between  the  poles 
of  a  magnet,  or  travelled  through  space  free  from  a 
magnetic  field.  These  phenomena  are  so  exactly  parallel 
to  those  observed  in  connection  with  radium,  that  there  is 
little  doubt  left  that  radium  emanations  consist  mainly  of 
charged  particles  shot  off  from  the  active  substance. 

Up  to  the  present,  radium  rays  have  been  spoken  of  as 
if  they  were  all  of  one  kind.  They  all,  indeed,  possess 
properties  which  are  to  a  certain  extent  similar ;  but  ex- 
periments enables  us  to  distinguish  between  at  least  three 
kinds  of  rays.  It  is  found  that  a  great  part  of  the  rays 
emitted  by  radium  are  intercepted  by  a  thin  screen  of 
aluminium.  Those  which  have  passed  through  this  screen 
can  traverse  a  much  thicker  screen  of  the  same  substance 
without  further  loss  ;  in  other  words,  the  rays  have  been 
sifted  of  those  which  are  only  slightly  penetrative  (termed 
the  a  rays),  while  those  which  possess  greater  penetrative 
capacity  (termed  the  ^  rays)  have  been  left.  Both  the 
a  and  S  rays  are  deflected  in  a  magnetic  field,  though  to 
different  extents  ;  both  discharge  electrified  conductors  on 
which  they  fall.  The  a  rays,  when  allowed  to  fall  on  a 
negatively  charged  conductor,  discharge  it  with  great 
rapidity ;  they  therefore  carry  a  positive  electric  charge. 
Ttie  more  penetrative  (3  rays  discharge  a  positively  charged 
conductor  fairly  well  ;  they  therefore  carry  a  negative 
charge.  In  a  magnetic  field  the  a  rays  are  deflected  to  a 
smaller  extent  than  the  /3  rays  ;  indeed,  it  is  only  quite 
recently  that  Prof.  Rutherford,  using  a  very  strong 
magnetic  field,  has  succeeded  at  all  in  deflecting  the  a  rays. 
Taken  in  conjunction  with  the  facts  previously  dwelt  on, 
this  leads  to  the  conclusion  that  the  a  ravs  are  positively 
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charged  particles  of  the  dimensions  of  au  ordinary  atom, 
moving  with  a  fairly  small  velocity ;  Prof.  Rutherford 
estimates  that  their  velocity  is  ahout  25  x  10^  cms.  per 
second.  The  high  i)enetrative  capacity  of  the  /3  rays  leads 
to  the  conclusion  that  they  consist  of  streams  of  exces- 
sively small  negatively  charged  particles  moving  with  a 
very  great  velocity ;  they  are  probably  identical  with  those 
discovered  by  Prof.  J.  J.  Thomson,  each  possessing  a  mass 
equal  to  about  a  one-thousandth  part  of  the  mass  of  a 
hydrogen  atom ;  their  velocity  is  probably  comparable 
with  that  of  light. 

In  addition  to  the  a  and  ;3  rays,  radium  emits  a  small 
quantity  of  very  highly  penetrative  rays,  termed  the  y  rays. 
These  can  penetrate  a  cousidenible  thickness  of  aluminium, 
and  are  not  deflected  in  a  magnetic  field ;  it  is  now  gene- 
rally held  that  they  are  closely  related  to,  if  not  identical 
with,  X-rays. 

An  important  step  has  lately  been  achieved  by  Prof. 
Rutherford  and  Mr.  Soddy.  These  experimenters  caused 
air  to  bubble  slowly  through  water  in  which  a  small  trace 
of  a  thorium  salt  was  dissolved,  after  which  it  was  led 
through  a  lead  tube  into  the  case  of  a  charged  electroscope. 
The  charge  of  the  electroscope  was  seen  to  rapidly  diminish, 
showing  that  the  air  carried  charged  particles  away  from 
the  radio-active  solution  Part  of  the  lead  tube  through 
which  the  air  passed  was  coiled  into  a  spiral,  and  this  was 
next  placed  in  a  jacketing  vessel  containing  liquid  air.  On 
re-charging  the  electroscope,  it  was  found  that  the  charge 
scarcely  diminished.  Prom  this  it  was  concluded  that  the 
charged  particles  which  had  previously  been  carried  into 
the  electroscope  had  become  condensed  in  passing  through 
the  cooling  spiral. 

Struck  by  the  results  just  described.  Sir  William 
Ramsay  conceived  the  brilliant  idea  that  the  substance 
condensed  in  the  cooling  worm  was  a  gas.  To  tt^st  this 
point,  a  small  quantity  of  radium  was  placed  in  an  ex- 
hausted vessel  communicating  with  a  bulb  immersed  in 
liquid  hj'drogen.  After  some  months  the  substance  con- 
densed in  the  bulb  was  pumped  into  a  vacuum  tube,  when 
a  spectroscopic  examination  showed  that  this  substance 
was  helium !  Prom  this  the  conclusion  is  drawn,  that  the 
a  rays  consist  of  streams  of  charged  helium  atoms. 

Where  has  this  helium  come  from  ?  There  is  no  reason 
to  suppose  that  helium  was  present,  as  helium,  in  the 
radium  salt ;  our  only  alternative  is  to  suppose  that  the 
element  radium  possesses  the  unique  property  of  spon- 
taneously decomposing  into  other  elements,  one  of  which 
is  helium  !  In  this  connection  it  should  be  noted  that  the 
high  atomic  weight  of  radium  indicates  that  the  atoms  are 
of  a  complicated  structure  ;  jserhaps  it  may  be  found  iilti- 
malcly  that  tlio  elements  of  high  atomic  weight,  at  one  end 
of  the  Mendelaef  series,  are  capable  of  spontaneous  trans- 
mutation into  the  elements  at  the  other  end  of  the  series 

Is,  then,  the  dream  of  the  alchemists  about  to  be 
realized  ?  It  would  appear  so,  at  any  rate  in  part ;  but  in 
place  of  other  substances  being  transmutable  into  gold,  it 
would  appear  more  probable  that  gold  (an  element  of 
fairly  high  atomic  weight)  may  be  capable  of  transmutation 
into  helium  or  other  gases. 

When  radium  is  placed  in  the  dark,  it  phosphoresces 
spontaneously  for  an  iudetinitely  long  period.  Sir  William 
and  Lady  Huggins  have  examined  the  spectrum  of  the 
light  thus  emitted,  and  find  that  after  several  days' 
exposure,  a  photograph  plat*  shows  a  number  of  definite 
lines,  some  of  which  correspond  to  lines  in  the  spectrum 
of  helium.  This  result  confirms  the  conclusions  arrived  at 
by  Sir  William  Ramsay. 

Before  the  above  results  had  been  obtained,  Prof. 
Curie  had  found  that  a  fragment  of  radium,  when  placed 
in  an  isothermal  enclosure,  maintains  itself  constantly  at 


a  temperature  about  TS'^  C.  above  its  surroundings.  A 
gram  of  radium,  in  one  hour,  emits  alx)ut  100  gram-calories 
of  heat,  and  could,  therefore,  continue  indefinitely  to  melt 
more  than  its  own  weight  of  ice  per  hour. 

To  what  extent  can  we  now  form  a  scheme  of  explanation 
of  this  phenomenon  ?  At  present  the  highest  authorities 
would  mostly  subscribe  to  the  following  theory.  The 
compUcated  radium  atom  is  continually  breaking  down 
into  the  atoms  of  simple  elements,  of  which  one  is  helium. 
In  this  process  a  large  amount  of  energy  is  liberated  by 
the  decomposition  of  each  radium  atom  ;  thus  the  helium 
atoms  are  flung  off  vfith  a  great  velocity,  and,  therefore, 
possess  much  kinetic  energy,  and  in  the  interior  of  the 
radium  this  energy  is  transformed,  during  collisions,  into 
heat.  At  the  outside  of  the  radium  the  helium  atoms 
escape,  carrying  positive  charges,  and  constitute  the  a,  rays. 
Sir  William  Crookes  has  invented  au  instrument,  termed 
the  spinthariscope,  by  the  aid  of  which  this  escape  can  be 
observed.  A  particle  of  radium  is  placed  in  front  of  a 
fluorescent  screen,  and  the  latter  is  examined  by  means  of 
a  lens ;  smalt  luminous  points  continually  flash  out  on  the 
screen  and  gradually  die  away,  indicating  the  points  struck 
by  the  escaping  particles. 

Minute  negatively  charged  particles  or  electrons  are 
also  thrown  off  during  tiie  above  process,  and  these 
constitute  the  ^  rays.  The  latter  particles  striking  on  the 
radium  itself,  or  surrounding  objects,  give  rise  to  feeble 
X-rays,  just  as  the  cathode  stream  in  a  vacuum  tube 
excites  X-rays  in  objects  on  which  it  falls  ;  this  accounts 
for  the  y  rays.  The  greatest  outstanding  mystery  is 
encountered  when  we  try  to  explain  why  the  radium  atom 
decomposes.  If  decompositions  are  due  to  collisions,  it 
might  be  supposed  that  a  cousidei-able  moleculous  velocity, 
which  is  eqiiivalent  to  a  fairly  high  temperature,  would  be 
necessary ;  but  Prof.  Dewar  has  found  that  radium,  even 
when  surrounded  by  liquid  hydrogen,  still  emits  radiations 
which  can  discharge  an  electroscope,  and  which  presumably 
constitute  ^  and  y  rays.  The  rate  at  which  decomposition 
progresses  is  extremely  slow.  Prof.  Rutherford  estimates 
that  in  a  year  a  gram  of  radium  emits  about  021  c.c.  of 
helium,  and  this  would  correspond  to  a  loss  of  weight  of 
less  than  a  tenth  of  a  milligram.  No  conclusive  evidence 
of  any  loss  of  weight  has  so  far  been  observetl. 

In  conclusion,  attention  may  be  drawn  tt)  the  physio- 
logical effects  of  radium  emanations.  If  a  suiall  fragment 
of  radium,  sealed  up  in  a  glass  tube,  is  carried  for  a  few 
hours  in  a  waistcoat  pocket,  the  skin  nearest  to  the  radium 
is  afterwards  found  to  be  blistered.  It  appears  that  radium 
emanations  destroy  all  living  tissue;  they  have  also  been 
found  to  be  bactericidal.  Prof.  Curie  states,  that  he  would 
be  afraid  to  enter  a  room  containing  a  j>ound  of  radium  ; 
he  anticipates  that,  if  he  did  so,  his  skin  would  be  blis- 
tered, his  eyesight  destroyed,  and  probably  deatii  would 
ultimately  occur.  Feeble  radium  emanations  may.  how- 
ever, in  the  near  future  be  found  to  possess  valuable 
therapeutic  properties.  Thus  Prof.  Kutherforil  suggests 
that  the  inhalation  of  air  which  has  bubbleil  throngii  a 
dilute  solution  of  thorium,  might  prove  valuable  in  the 
treatment  of  consumption.  X-r.iys  have  been  found  to 
cure  superficial  cancers;  they  probably  do  this  by  destroying 
the  cancerous  tissue.  In  the  treatment  of  cleep-seated 
cancer.  X-rays  cannot  be  used;  they  are  necessarily  applied 
from  the  outside,  and  would  have  to  destroy  the  healthy 
external  tissues  liefore  they  could  reach  the  cancer.  It 
has,  however,  been  suggested  that  a  small  scaled  tube 
containing  i-idiuin  might  be  introduced  into  the  midst  of 
an  internal  cancer,  and  thus  destroy  the  latter  without 
affecting  the  healthy  tissues  Prof.  J.  J.  Thomson  has 
found  that  many  well-waters  are  radio-active,  and  since 
the  Bath  waters  have  been  found,  by  Sir  William  Ramsay. 
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to  contain  helium,  it  is  possible  that  these  are  radio-active 
also,  and  to  this  their  efficacy  may  be  due.  It  is  generally 
understood  that  the  Bath  waters  lose  their  efficacy  if  not 
taken  immediately  after  being  drawn,  and  this  may  be 
due  to  the  decomposition  of  the  small  trace  of  radio-active 
substance  which  they  presumably  contain. 


MAN'S    PLACE    IN    THE    UNIVERSE. 

By  E.  Walter  Maunder,  f.r.a.s. 

In  the  Fortnightly  Rei-ieir  for  September,  1903,  Dr.  Alfred 
Kussel  Wallace  replies  to  the  critics  of  his  paper  on 
"  Man's  Place  in  the  Universe."  The  critics  had  attacked 
each  and  every  astronomical  point  of  his  position,  and 
now,  in  his  reply.  Dr.  Wallace  withdraws  most  of  his 
astronomical  arguments,  whilst  re-asserting  the  conclusions 
which  he  had  drawn  from  them.  His  reply,  therefore, 
though  in  form  a  defence  of  his  original  position,  is  in 
substance  an  unconditional  surrender  of  it. 

It  may  be  well  to  quote  here  Dr.  Wallace's  summary 
and  conclusion  of  his  first  paper  :  — 

"  We  caa  hardly  suppose  any  longer  that  three  such  remarkable 
coincidences  of  position  and  consequent  physical  conditions  should 
occur  in  the  case  of  the  one  planet,  on  which  organic  life  has  been 
developed,  without  any  causal  connection  with  that  development. 
The  three  startling  facts— that  we  are  in  the  centre  of  a  cluster  of 
Buns,  and  that  that  cluster  is  situated  not  only  precisely  in  the 
plane  of  tlie  Galaxy,  but  also  centrally  in  that  plane,  can  hardly 
now  be  looted  upon  as  chance  coincidences  without  any  significance 
in  relation  to  the  culminating  fact  that  the  planet  so  situated  has 
developed  humanity. 

"  Of  course  the  relation  here  pointed  out  may  be  a  true  relation 
of  cause  and  effect,  and  yet  have  arisen  as  the  result  of  one  in  a 
thousand  million  chances  occurring  during  almost  infinite  time. 
But,  on  tlie  other  hand,  those  thinkers  may  be  right,  who,  holding 
that  the  universe  is  a  manifestation  of  Mind,  and  that  the  orderly 
development  of  Living  Souls  supplies  an  adequate  reason  why  such 
an  universe  should  have  been  caUed  into  existence,  believe  that  we 
ourselves  are  its  sole  and  sufficient  result,  and  that  nowhere  else 
than  near  the  central  position  in  the  universe  which  we  occupy, 
could  that  result  have  been  attained." 

Now  if  we  assume  that  these  words  imply  what  their 
sense  may  be  taken  to  indicate,  we  infer  that  Dr.  Wallace 
means  that:  — 

(1)  Tlie  Galaxy  with  its  appendages  and  included 
systems,  to  all  intents  and  purposes  makes  up  the 
entire  material  universe. 

(2)  The  earth  in  its  character  of  a  satellite  of  the  sun 
is  situated  centrally  in  the  plane  of  thu  Galactic 
ring,  and  the  physical  conditions  necessary  to 
life  are  only  possible  in  such  a  central  position. 

On  the  first  point  Dr.  Wallace's  withdrawal  from  his 
former  position  is  sufficiently  definite.     He  writes  : — 

"  Is  the  evidence  at  our  command  for  or  against  the  infinite  ex- 
tension of  the  stellar  universe  ?  This  is  the  real  question,  the  only 
question  we  are  able  to  discuss  rationally.  As  to  proof  or  disproof, 
either  is  impossible  as  regards  what  exists,  or  what  does  not  exist  in 
infinite  space.  And  even  as  regards  the  probability  of  any  parti- 
cular form  of  existence  being  infinite,  we  have,  and  can  have,  no 
evidence,  and  without  evidence  it  is  irrational  to  hold  any  definite 
opinion." 

With  this  position  astronomers  cannot  quarrel ;  it  is 
indeed  the  very  point  for  which  Dr.  Wallace's  critics  were 
contending.  But  it  cuts  away  the  ground  from  the  argu- 
ments of  his  first  paper ;  he  then  claimed  to  have 
demonstrated  that  which  he  now  admits  to  be  incapable  of 
proof.  It  is  true  that  in  the  next  sentence  he  re-asserts 
his  claim  to  have  brought  forward  "  sufficient  evidence  " 
of  the  limitation  of  our  stellar  universe,  but  before  the  end 
of  the  next  paragraph  he  seems  to  have  come  to  the  con- 
clusion that  since  his  position  cannot  be  demonstrated,  it 
ought  not  to  be  challenged,  and  he  refers  to  objections  as 
"  the  opinions  or  prejudices  of  those  who  ask  for  proofs 


of  what  cannot  be  proved."  Dr.  Wallace  makes  several 
quotations  to  show  that  astronomers  of  repute  have  arrived 
at  the  conclusion  that  the  stellar  universe  is  limited  in 
extent,  and  complains  that  directly  he,  an  outsider, 
ventures  to  set  forth  the  same  view,  he  is  found  fault 
with. 

There  has  been  no  dead  set  made  upon  Dr.  Wallace 
because  he  is  an  outsider.  Some  three  years  before  the 
appearance  of  his  first  paper  in  the  Fortnightly  Revieiv 
there  was  an  interesting  discussion  in  Knowledge  on  the 
question  "Is  the  stellar  universe  finite?"  which  I  concluded 
by  the  following  words  :  — 

"  The  general  question  *  Is  the  Stellar  Universe  finite  ?  *  becomes 
at  once  not  a  pliysical  but  a  metaphysical  enquiry,  and  hence  leaves 
the  domain  of  astronomy,  and  except  as  a  purely  mental  exercise  I 
see  no  value  in  it.  How  easily  even  the  keenest  and  most  trained 
minds  may  go  astray  on  the  subject  may  be  learned  from  Prof. 
Newcomb's  paper  in  the  March  number  of  the  Windsor  Magazine* 
He  writes  '  it  can  be  shown  mathematically  that  an  infinitely  ex- 
tended system  of  stars  would  fill  the  heavens  with  a  blaze  of  light 
like  that  of  the  noonday  sun.'  There  is  a  tacit  assumption  here  that 
the  stars  are  on  the  average  uniformly  distributed  in  space,  an 
assumption  which  for  nearly  a  century  astronomers  liave  known  to  be 
untrue. "t 

A  similar  statement  by  Prof.  Newcomb  occurring  in 
a  paper  in  the  Popular  Science  Monthly  appears  to  have 
been  the  basis  of  Dr.  Wallace's  original  paper,  but  that  it 
was  a  mistake,  and  that  Prof.  Newcomb  did  not  alter  his 
views  merely  in  order  to  disagree  from  Dr.  Wallace,  may 
readily  be  seen  by  referring  to  the  same  paper  when  it  was 
corrected  and  republished  in  book  form  in  1901. 

Dr.  Wallace  yet  more  unreservedly  withdraws  his 
suggestion  that  the  suns  on  the  confines  of  the  Milky  Way 
aiv  "  becoming  dissipated  into  outer  space,"  and  that  "the 
outer  margins  of  the  stellar  universe  are  therefore  unstable," 
so  that  it  "  follows  that  the  outer  portions  of  the  universe, 
at  all  events,  and  for  an  unknown  extent  inward,  will  be 
entirely  unfitted  to  ensure  that  continuity  of  uniform 
conditions  which  is  the  first  essential  for  the  development 
of  life."  He  now  admits  "  that  there  is  probably  no 
justification  for  this  idea,  and  that  the  facts  that  suggested 
it  are  apparent  only."  He  also  withdraws  the  "  similar 
unfounded  notion  ...  of  a  variation  of  gravity  near  the 
boundary  of  the  universe."  But  these  two  "  unfounded 
notions "  were  his  sole  arguments  to  prove  that  "  the 
continuity  of  uniform  conditions  which  is  the  first  essential 
for  the  development  of  life  "  is  not  possible  in  the  case  of 
satellites  of  such  suns  as  lie  within  or  on  the  confines  of 
the  ring  of  the  Galaxy.  There  is  left,  therefore,  not  even 
a  suggestion  of  a  reason  for  supposing  any  star  within  the 
reach  of  our  telescopes  to  be  less  stable  in  the  conditions 
due  to  its  position  than  is  the  case  with  our  sun. 

These  ample  concessions  having  been  made,  it  would  be 
a  superfluous  task  to  show  again  that  Dr.  Wallace  had  no 
solid  grounds  for  asserting  the  ceutrality  of  our  sun  in  his 
particular  sense  of  the  word.  He  complains  that  his  critics 
misrepresent  him  on  this  point,  and  ascribe  to  him  a 
precision  of  meaning  which  he  did  not  intend.  He  prefers 
now  to  speak  of  the  position  of  the  sun  as  "  nearly 
central."  Frankly,  I  think  his  critics  allowed  his  ex- 
pressions to  pass  as  being  less  stringent  than  they 
were.  But  a  turn  of  expression  may  pass  for  little;  it  is 
the  argument  that  counts.  And  the  argument  demanded 
that  the  sun  should  be  shown  to  be  very  materially  nearer 
the  centre  of  the  universe  than  any  other  star  whatsoever. 
There  are  no  facts  known  to  astronomers  which  would 
warrant  them  in  asserting  that  our  sun  is  better  placed  in 
this  sense  than  are  hundreds  of  members  of  that 
hypothetical  globular  cluster  of  which  he  speaks. 
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Dr.  Wallace  brink's  forward  some  new  points  which  are 
not,  however,  germane  to  the  question.  Several  writers  in 
objecting  to  his  statement  that  if  tlie  stellar  uuiver.se  were 
infinite  in  extent  the  entire  sky  would  be  a  blaze  of  star- 
light, made  the  very  sufJicieut  answer  that  the  same  line  of 
argUTuent  if  applied  to  the  dark  stars  would  lead  to  an 
opposite  conclusion.  The  reply  was  amply  sufficient  for 
its  purpose,  but  Dr.  Wallace  tries  to  answer  it  as  if  it  had 
been  brought  forward,  not  as  a  mere  argiimentum  ad  hoc, 
but  as  an  actual  the<^ry  of  the  universe,  and  urges  that  if 
the  dark  stars  were  so  numerous  we  should  frequently 
observe  occupations  of  the  lucid  stars.  A  very  little  calcu- 
lation shows  that  even  if  the  dark  bodies  were  a  thousand 
times  more  numerous  than  the  bright,  the  chances  are 
millions  to  one  against  any  diminution  of  the  light  of  a  lucid 
star  arising  from  this  cause  ever  having  been  observed. 

Another  point  is  that  though  the  sun  is  moving  with 
prodigious  speed,  yet  that  the  action  of  gravity  would 
prevent  it  wandering  far  from  its  present  position.  Why 
should  it  ?  It  has  had  no  such  action  upon  Arcturus, 
and  other  "runaway"  stars.  Then  Dr.  Wallace  raises  the 
question  of  "  star-drift  "  ;  that  is  to  say,  of  groups  of  stars 
moving  with  a  common  i^rojjer  motion.  In  what  way  this 
lieljjs  his  argument  does  not  appear.  The  reference  to  the 
five  stars  of  Ursa  Major  is  a  particularly  unfortunate  one, 
since  this  group,  extending  over  nearly  twenty  degrees  of 
arc,  is  obviousI_v  moving  as  a  system  in  a  plane  which  is 
nearly  at  right  angles  to  that  of  the  Milky  Way.  The 
latter  plane,  therefore,  is  not  the  only  one  of  high  impor- 
tance within  the  limits  of  the  visible  sidereal  system. 

It  is  disappointing  that  Dr.  Wallace  takes  no  notice  of  an 
exceedingly  suggestive  point  raised  by  Prof.  H.  H.  Turner. 
We  speak  roughly  of  the  Galaxy  as  forming  a  ring.  The 
researches  during  the  last  half-century  of  Heis,  Boeddicker, 
Backhouse,  Stratouoff,  Easton,  and  others,  have  shown  us 
that  it  is  about  as  unlike  a  simple  annulus  as  any  object 
could  possibly  be.  Tt  is  an  object  of  the  greatest  com- 
plexity, formed  of  long  irregular  branching  streams,  inter- 
lacing and  crossing  one  another,  and  some  of  them  reaching 
out  far  towards  its  poles,  of  close  agglomerations  side  by 
side  with  broad  lacunae.  But,  most  striking  of  all,  there 
are  two  portions — if  portions  they  be  and  not  separate 
and  external  galaxies — which  stand  out  by  themselves  and 
away  from  the  main  body — the  two  Magellanic  Clouds. 
If  they  are  truly  part  of  the  Galaxy,  then  we  are  no  longer 
in  a  position  to  assert  that  we  are  in  its  medial  plane  or 
near  the  centre  of  that  plane.  If  they  are  external  galaxies, 
then  our  Galaxy  is  not  the  sole  one  known  to  us  ;  the 
visible  universe  evidently  extends  much  beyond  it. 

But  if  we  di  I,  hold  a  "  nearly  central  "  position,  Dr. 
Wallace's  question,  "  What  advantages  have  we  derived 
from  it  ? "  would  still  be  wholly  unpractical,  and  to 
complain  there  are  "  hardly  any  suggestions  of  enlighten- 
ment in  astronomical  literature,  but,  rather,  what  seem  to 
me  now  to  be  unnecessary  difficulties  thrown  in  the  way 
of  the  enquirer,"  is  much  as  if  a  man  took  a  candle  in 
order  to  read  the  time  of  night  from  a  sundial,  and  com- 
plained that  the  literature  on  dialling  gave  niJ  guidance 
how  to  proceed  in  such  circumstances. 

Practically,  Dr.  Wallace's  jjosition  in  his  second  paper 
amounts  to  this.  He  has  withdrawn  as  untenable  the 
propositions  upon  which  his  original  thesis  was  based ; 
but  in  effect  he  claims  the  right  to  maintain  his  former 
conclusions  until  his  critics  liave  demonstrated  propositions, 
the  opposite  of  all  tliosc  lie  has  advanced. 

To  sum  up.  Wc  have  no  sufficient  evidence  to  show 
whether  the  stellar  universe  lias  an  iudefinito  extension  or 
not ;  or,  if  it  be  bounded,  whether  we  have  yet  penetrated 
to  the  boundary.  Supposing  such  a  boundary,  we  have 
not  the  slightest  reason  to  suspect,  any  stiir  that  we  can  see 


of  being  in  an  unstable  condition  owing  to  its  nearness  to 
it.  We  do  not  know  whether  the  Galaxy  includes  in  its 
structure  the  whole  of  the  olijeets  which  we  see,  or  whether 
any  considerable  number  lie  beyond  it  and  are  of  a  different 
formation.  We  do  know,  and  it  has  long  been  known, 
that  our  sun  is  near  the  medial  plane  of  the  Galaxy,  and 
probably  not  more  than  twice  as  far  from  one  side  of  it  as 
from  the  other.  But  we  do  not  know  that  it  is  nearer  the 
centre  of  the  Galaxy  than  hundreds  of  other  stars,  nor 
have  we  the  slightest  reason  to  suppose  that  the  svstems 
attendant  upon  them  are  less  fitted  to  be  the  home  of 
intelligent  life  than  our  own. 


THE   CLAWS   ON   THE   WINGS   OF    BIRDS: 

A  STUDY  IN  EVOLUTION. 
By  W.  P.  Pycraft,  a.l.s.,  f.z.s.,  etc. 
It  may  not  be  generally  known  that,  hidden  away  among 
the  feathers  of  a  bird's  wing  there  are  to  be  found 
frequently  two  tiny  claws,  one  on  the  thumb,  the  other  on 
what  corresponds  to  the  first  finger  of  the  human  hand. 
According  to  the  text  books  these  are  to  be  regarded  as 
relics  of  a  reptilian  ancestry ;  mere  survivals  of  an  order 
of  things  now  obsolete.  Just  as  the  gill-sUts  in  the 
mammalian  embryo  point  to  a  fish-like  aquatic  stage  of 
development  long  since  suppressed ;  or  as  the  vestiges  of 
hauneh  and  thigh  bones  buried  deep  in  the  muscles  of  the 
belly  of  the  whale  point  to  a  time  when  functional  hind 
limbs  were  present. 

The  very  best  of  reasons  may  be  urged  for  accepting 
this  hypothesis,  inasmuch  as  in  the  most  ancient,  and  at 
the  same  time  most  reptilian,  of  all  known  birds — the 
lizard-tailed  Archmopferyx—a,s  well  as  in  the  Giant 
Ostriches,  which  are  admittedly  primitive,  these  claws  are 
very  large,  whilst  in  the  most  modern  types  they  are 
always  small,  or  wanting.  Again,  like  all  vestigial  organs, 
the  method  of  their  going  is  slow  and  more  or  less  orderly. 
They  beat,  as  it  were,  a  dignified  retreat,  taking  their 
dismissal  with  reluctance.  Thus,  onl3-  in  the  primaeval 
Arch(eopteryx  do  we  find  the  full  complement  of  claws,  one 
to  each  of  the  three  digits— all  that  remains  of  the  h;ind 
in  the  bird's  wing.  The  first  to  disappear  was  the  claw  on 
the  third  digit.  This  has  now  completely  vanished  from 
the  adult  life  of  living  birds,  and  only  occasionally  appears 
in  the  embryo  of  the  Old-World  ostrich.  Growing  gradu- 
ally smaller  and  smaller,  the  remaining  two  frequently 
appear  only  during  embryonic  life,  and  may  cease,  like  the 
vanished  number  three,  to  be  reproduced  even  here.  The 
gradual  stages  in  this  work  of  demolition,  so  invariably 
associated  with  vestigial  structures,  seemed,  we  may  repeat, 
the  best  of  evidence  for  regarding  these  claws  as  mere 
survivals  of  a  reptilian  origin,  and  of  no  other  significance 
or  purpose  within  avian  times. 

The  axe  must,  however,  occasionally  be  laid  to  the  roots 
of  the  most  promising  hypothesis,  and  sometimes  the 
warrant  comes  from  most  unexpected  quarters.  Even 
from  "  babes  and  sucklings,"  as  in  the  present  case — to 
wit,  the  young  of  the  aberrant  South  Americ;ui  game-bird, 
known  as  the  Hoatzin.  Clawless  in  the  adult,  the  wing 
in  the  nestling,  on  the  contrary,  is  found  to  be  provided 
with  claws  of  an  unusually  large  size.  This  fact,  nothing 
being  known  of  tlie  life-history  of  this  bird,  would  have  been 
interpreted  as  an  instance  of  organs  which  had  for  some 
unknown  reason  resisted  the  decadence  which  had  over- 
taken the  same  structures  in  other  species,  and  here  the 
matter  would  have  rested.  Fortunately,  however,  we  are 
in  possession  of  a  very  complete  account  of  the  habitat 
and  breeding  habits  of  the  Hoatzin,  due  lai-gely,  indeed 
principally,  to  the  observations  of  Mr.   Quelch.     He  has 
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placed  it  on  record  that  this  bird  is  one  of  the  most  strictly 
arboreal  of  all  known  birds,  never  having  been  seen  to 
alight  on  the  ground.  The  haunt  of  this  species  being  the 
low  bushes  and  trees  fringing  river  banks  and  lagoons  of 
the  regions  vratered  by  the  Amazon. 

So  strictly  a  tree-dweller  naturally,  we  may  say  indeed 
necessarily,  establishes  its  nursery  in  the  tree-tops ;  and 
herein  we  are  brought  face  to  face  with  a  surprise.  In  all 
other  instances,  the  young  of  birds  reared  in  trees  are 
hatched  in  a  perfectly  blind,  naked,  and  helpless  condition. 
Not  so  with  the  Hoatzin,  however.  The  young  emerge  from 
the  shell  endowed  with  a  very  lively  disposition,  wandering 
about  the  branches  of  the  tree  in  which  the  nest  is  placed, 
at  their  own  sweet  will. 

These  wanderings  are  necessarily  attended  with  con- 
siderable peril,  but  the  risk  of  accidents  is  diminished  by 
the  presence  of  the  large  claws  already  referred  to. 
Grasping  the  boughs  with  enormous  feet,  and  aided  by 
the  claws  and  beak,  they  are  among  the  most  expert  of 
climbers  at  a  very  tender  age.  But  the  wing  at  this  time 
differs  in  several  other  remarkable  jjarticulars  from  that 
of  other  birds,  and  even  from  that  of  the  adult  condition. 
Closely  examined,  it  will  be  found  that  the  hand  is  con- 
spicuously longer  than  the  forearm,  and  that  the  thumb  is 
also  unusually  long.  Furthermore,  the  undersurface  of 
the  thumb  and  first  finger  will  be  found  to  resemble  those 
of  the  human  finger,  in  that  they  terminate  in  a  fleshy  ball, 
obviously  useful  for  grasping  purposes. 

At  this  time,  then,  the  wings  serve  the  very  un-birdlike 
function  of  forelegs,  and  locomotion  is  quadrupedal  rather 
tban  bipedal,  and  this  remains  the  case  till  the  power  of 
flight  is  attained.  The  development  of  flight  is  associated 
with  another  remarkable  feature.  The  qudls  of  the  flight 
feathers,  it  will  be  remembered,  grow  from  the  whole  border 
of  the  forearm  and  hand.  Now  if  these  quills  all  grew  at 
the  same  rate,  those  of  the  hand  would  soon  render 
climbing  impossible,  or  at  least  highly  dangerous,  by 
impeding  the  hold  of  the  claws,  and  at  the  same  time 
these  feathers  would  not  be  large  enough  to  break  the 
force  of  a  fall,  which  would  Ite  fatal.  Consequently  in  the 
case  of  the  young  Hoatzin,  the  growth  of  the  outermost 
quills — those  nearest  the  claws — is  comjjletely  suspended 
till  the  innermost  quills  of  the  hand  and  those  of  the  fore- 
arm immediately  proximate,  are  sufficiently  large  to  function 
at  least  as  a  parachute  in  the  case  of  accidents.  As  soon 
as  this  has  been  arrived  at  a  complete  change  in  the  form 
of  the  wing  takes  place.  The  further  growth  of  the  claws 
is  not  only  arrested,  but  the  claws  themselves  become 
absorbed,  so  that,  in  the  adult,  no  trace  thereof  is  left. 
Simultaneously  the  forearm  commences  to  grow  more 
rapidly  than  the  hand,  so  that,  when  the  bird  is  adult,  the 
latter  is  shorter  instead  of  longer  than  the  former ! 

There  can  be  little  doubt  but  that  the  climbing  phase  in 
the  life-history  of  this  bird  is  a  primitive  character, 
carrying  us  back  to  the  very  dawn  of  avian  development. 
It  cannot  be  a  character  acquired  by  this  siiecies  in 
adaptation  to  its  peculiar  mode  of  Ufe,  inasmuch  as  this 
would  imply  that  the  claws  had  been  redeveloped  from  the 
vestigial  condition  into  which  they  had  sunk,  and  we 
know  that  resuscitation  of  this  kind  never  takes  place  in 
nature.  They  must  then  have  been  handed  on  in  unbroken 
descent  from  the  very  earliest  birds,  having  remained 
functional  throughout  the  whole  of  this  time. 

Fortunately,  however,  we  have  no  need  to  depend  upon 
the  sweet  reasonableness  of  this  view  for  its  general 
acceptance.  Evidence  is  obtainable  on  the  one  hand 
through  an  appeal  to  the  dry  bones  of  the  past,  and  on 
the  other  by  an  examination  of  species  still  living,  which 
makes  its  acceptance  irresistible. 

We  will  turn  first  to  the  fossil  to  which  reference  has 


already  been  made — Archaeopteryx.  In  this  ancient  bird, 
the  wing,  when  carefully  examined,  will  Ije  found  to  be 
unmistakably  that  of  a  forest-dwelling  species,  inasmuch 
as  in  general  contour  it  agrees  precisely  with  that  common 
to  all  dwellers  among  trees,  being  rounded  instead  of 
pointed  in  form.  Birds  so  diverse  as  eagles  and  cuckoos, 
owls  and  game-birds,  foremost  among  which  stands  tlie 
Hoatzin,  when  strictly  forest-dwellers,  or  dwellers  amid 
jungles,  have  wings  of  this  type,  whilst  birds  which  fly 
much  in  the  open  have  pointed  wings.  Furthermore,  tJie 
wing  of  this  fossil  agrees  closely  with  that  of  the  young 
Hoatzin  in  that  the  hand  is  longer  than  the  forearm,  and 
has  the  top  of  the  index  finger  free  and  armed  with  a 
claw.  Only  in  this  it  differs,  that  whereas  these  proportions 
obtain  only  in  the  nestling  Hoatzin.  they  were  retained, 
together  with  the  claws,  throughout  life  in  the  fossil  form. 
The  explanation  of  the  difference  lies  probably  in  the  fact 
that  the  need  for  climbing  was  not  merely  confined  to  the 
nestling  period,  but  was  demanded  periodically  throughout 
life.  And  for  this  reason,  like  the  ducks,  and  some  other 
birds  of  to-day,  Archaeopteryx  probably  moulted  all  its 
quill  feathers  at  once,  and  thus,  till  the  new  feathers  had 
grown  sufficiently  long  and  strong,  the  bird  was  flightless. 
At  this  time  a  reversion  to  the  locomotion  of  its  infancy 
would  be  necessary,  and  hence  the  retention  throughout 
life  of  the  claws  and  the  long  grasping  hand. 

The  wing,  then,  of  the  young  Hoatzin  must  be  regarded 
as  a  unique  survival  of  primitive  times,  showing  that  the 
young  of  the  earliest  birds  were  not  only  precocious,  but 
hatched  in  an  arboreal  nursery.  If  this  be  so,  it  becomes 
highly  probable  that  the  conditions  which  obtain  in  the 
young  Hoatzin  were  at  one  time  general  among  birds. 
Certainly  we  have  the  strongest  evidence  in  support  of  this 
view  in  the  wings  of  the  common  fowl,  the  turkey,  or  the 
pheasants,  for  example.  Although  these  birds  are  no 
longer  hatched  in  trees,  we  find  in  them  the  same 
developmental  stages  as  those  met  with  in  the  Hoatzin,  but 
with  certain  modifications  easy  to  interpret. 

If  the  wing  of  a  chick  of,  say,  sixteen  hours  old  be 
compared  with  that  of  a  young  Hoatzin  of  the  same  age,  it 
will  be  found  that  the  same  relative  proportion  between 
the  hand  and  forearm  exists,  but  that  the  claws  are  now 
reduced  to  one — that  on  the  thumb,  and  this  is  but  a  mere 
vestige.  The  claw  of  the  finger  appears  only  during 
embryonic  life,  and  is  absorbed  before  the  chick  is  hatched. 
Passing  on  to  an  examination  of  the  developing  quills 
with  relation  to  the  hand,  we  find  that,  as  in  the 
Hoatzin,  these  are  at  this  stage  restricted  to  the  wristward 
region  of  the  hand  so  as  to  leave  a  free  finger-tip,  but  this 
and  the  thumb  lack  the  cushion-like  pads  of  the  Hoatzin. 
Now  the  arrested  development  of  these  terminal  quill  or 
flight-feathers  is  absolutely  inexplicable  in  a  bird  hatched 
on  the  ground,  and  only  becomes  intelligible  whea  viewed 
in  the  light  revealed  by  the  Hoatzin.  In  other  words,  it 
can  only  be  explained  on  the  hypothesis  that  at  an  earlier 
period  in  the  life-history  of  this  bird,  the  wing  was  used 
as  a  climbing  organ.  The  remoteness  of  this  period 
accounts  for  the  disappearance  of  the  claws  and  the 
relatively  shorter  hand,  though,  as  we  have  already 
remarked,  this  is  still  longer  than  the  forearm.  As  in  the 
Hoatzin,  moreover,  by  the  time  that  maturity  is  reached 
the  relative  lengths  between  hand  and  forearm  have  changed, 
the  latter  being  hmger  than  the  former.  But  in  one 
particular  th<'  wing  of  tln'  young  fowl  differs  conspicuously 
from  that  of  the  yciung  Hoatzin.  This  is  in  the  remarkably 
rapid  development  of  the  flight-feathers  or  quills.  The 
growth  of  these  in  the  Hoatziu  is  a  comparatively  slow 
process,  occupying  many  days,  but  in  the  fowl  and  its 
allies  they  are  beginning  to  unfold  when  the  chick  is  but 
sixteen  hours  old,  and  in  three  days  they  form  an  efficient 
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organ  of  flight.  The  explanation  of  this  accelerated 
development  of  the  quills  is  not  far  to  seek — it  is  the 
result  of  adaptation  to  the  changed  environment.  The 
descent  from  the  trees  to  the  ground  was  a  descent  from 
comparative  security  from  enemies  into  a  world  where 
enemies  were  numerous.  Precocious  flight  was  the  method 
of  escape  adopted,  though,  as  we  shall  see  presently,  not 
the  only  method. 

But  how  comes  it,  some  may  ask,  that  the  arboreal 
nursery  was  forsaken,  if  it  afforded  such  security  from 
enemies  ?  And,  further,  how  is  it  that  the  young  of  all 
birds  hatched  in  trees  at  the  present  time — save  only  the 
Hoatzin — are  so  singularly  helpless  at  birth  ? 

As  touching  the  migration  from  the  forest  to  more  open 
ground,  we  may  surmise  that  this  probably  took  place  as 
a  result  of  overcrowding.  The  old  habitat  left  behind,  the 
young  in  response  to  the  new  environment  underwent 
modification,  now  in  one  direction,  now  in  another,  to 
bring  them  into  harmony  with  their  particular  require- 
ments. 

Among  the  forms  known  as  Game-birds,  and  the 
Tinamous,  the  most  striking  of  these  changes  is  that 
affecting  the  wings,  the  nature  of  which  we  have  just 
sketched  in  the  wing  of  the  common  fowl.  But  we 
would  draw  sjjecial  attention  to  one  further  point  con- 
cerning the  accelerated  development  of  the  quills.  This 
forcing,  it  is  instructive  to  note,  affected  only  those  quills 
originally  concerned  in  the  precocious  flight ;  those  at  the 
tip  of  the  wing,  whose  development  was  retarded  so  as  to 
leave  the  claw  free  for  climbing  purposes,  still  remaining 
unaffected.  This  is  as  we  might  expect,  for  just  as  these 
inner  quills  were  sufficient  during  the  arboreal  phase, 
they  remained  and  still  remain,  equally  so  for  all  the 
demands  of  the  terrestrial  life. 

The  fact  that  similar  traces  of  an  arboreal  life  are  not  to 
be  found  in  the  precocious  young  of  birds  other  than 
Game-birds,  is  a  curious  and  extremely  interesting  point, 
and  not  only  reveals  a  change  in  the  tactics  adopted  for 
the  escape  of  enemies,  but  draws  attention  to  another  and 
what  we  may  regard  as  a  second  string  to  the  bow, 
practised  by  the  Game-bLi-ds  themselves.  It  must  be 
remembered  then  that  these  latter  are  reared  in  compara- 
tively large  families,  and  that  they  in  consequence  afford 
a  conspicuous  and  tempting  prey  to  prowling  carnivora. 
Accordingly,  as  soon  as  danger  is  realized  by  the  parent, 
the  alarm  is  given  and  the  young  scatter  in  all  directions. 
Halting  at  last,  they  then  fall  back  upon  this  "  second 
string" — protective  coloration.  That  is  to  say,  they  have, 
in  addition  to  the  remarkably  accelerated  flight,  also 
acquired  a  peculiar  type  of  plumage  which  enables  them 
to  assimilate  with  the  surrounding  objects.  Now  it  would 
seem  that  this  precocious  power  of  flight  has  not  proved 
a  really  satisfactory  method  of  escape,  inasmuch  as  in 
fleeing  from  immediate  danger,  the  young  either  strayed 
too  far  to  render  recall  possible,  or  they  fled  into  new 
danger.  Consequently,  the  young  in  other  groups  have 
come  to  rely  either  on  protective  coloration  alone,  or  at 
most  run  but  a  few  yards  and  then  s(|uat  down.  Or,  as 
in  the  case  of  one  of  the  Coursers,  the  parents  cover  the 
young  with  earth.  On  this  account,  then,  other  groups 
"have  discarded  the  doubtful  refuge  afforded  l)y  precocious 
flight,  and  with  it  the  evidence  of  these  earlier  arboreal 
habits.  The  young  of  aijualic  birds  obviously  do  not  need 
to  seek  safety  in  flight.  CoiuTaliiicnl  amid  reed-beds  or 
other  vegetation  affords  ain|>le  proteclion.  Among  all 
these  non-flying  young  we  find  the  development  of  the 
quills  luis  been  retarded  rather  than  accelerated,  so  that 
they  appear  together  with  the  rest  of  the  body  plumage. 
Among  the  ducks,  indeed,  the  quills  do  not  appear  till 
extremely    late,    so  that  the    body    has    attained    almost 


its  full  size  before  the  wing  begins  to  attain  its  adult 
form. 

The  wing  of  the  nestling  Rhea — the  South  American 
Ostrich — still  retains  traces  of  evidence  of  a  developmental 
history,  precisely  similar  to  that  of  the  forms  which  we 
have  been  discussing.  Whether  such  traces  will  be  found 
in  the  other  flightless  meml)ers  of  the  Ostrich  tribe, 
remains  to  be  seen.  In  the  Tinamous,  the  only  Ostrich- 
like  birds  which  have  retained  the  power  of  flight,  the 
development  of  the  wing  is  precisely  similar  to  that  which 
obtains  among  the  Game-birds. 

This  is  a  point  of  some  considerable  importance,  since  it 
shows  that,  as  we  have  reason  to  believe  on  other  grounds, 
the  giant  members  of  the  Ostrich  tribe  have  attained  their 
present  conspicuous  bulk  comparatively  recently,  that  is 
to  say,  since  they  became  flightless.  That  they  are  primi- 
tive types  there  can  be  no  possibility  of  doubt,  but,  like 
other  primitive  types,  their  great  size  is  the  last  develop- 
mental phase  in  their  life-history,  and  precedes  extinction. 
But  of  this  more  anon. 

It  is  time  that  we  turned  to  the  opposite  side  of  this 
picture — to  the  consideration  of  those  types  of  nestlings 
which  are  ushered  into  the  world  blind,  naked,  and 
helpless.  According  to  the  terms  of  our  argument,  birds 
were  originally  a  strictly  arboreal  group,  and  their  young, 
like  those  of"  reptiles,  were  extremely  active  from  the 
moment  they  left  the  shell. 

Without  doubt,  such  activity  in  an  abnormal  nursery 
must  have  been  attended  by  considerable  infant  mortality 
through  the  young  falling  to  the  groimd.  Many,  probably, 
would  fall  through  weakness ;  the  habit  of  dispersing 
themselves  among  the  branches  of  the  trees  in  which  the 
nest  was  placed  resulting  in  a  loss  of  regular  food  supply, 
owing  to  the  ditKculty  of  being  on  the  spot  when  the 
parents  returned  with  food. 

Now  two  courses  were  open  whereby  this  infant  mortality 
could  be  reduced.  Either  the  eggs  could  be  deposited  on 
the  ground,  or  the  activity  of  the  young  could  be  curtailed. 
The  game-birds,  ducks  and  geese,  rails,  cranes  and  plovers, 
may  serve  for  examples  of  those  species  which  have  de- 
scended from  the  trees  to  the  ground  for  nesting  purposes. 
Although,  as  a  consequence,  such  young  have  undergone 
cousideVable  changes  in  adaptation  to  their  new  environ- 
ment, these  changes  are  not  so  striking  as  those  T,vhich 
have  taken  i)lace  among  the  young  of  the  species  which, 
retaining  the  ancient  practice  of  nesting  in  the  tree  tops, 
have  adopted  the  alternative  of  curtailing  the  activity  of 
their  offspring.  This  curtailment  was  accomplished  by 
reducing  the  amount  of  food-yolk  enclosed  within  the  egg. 
As  a  consequence  of  this  reduction  the  embryonic  period  of 
development  has  become  relatively  shortened,  and  the 
young  in  consequence  emerge  from  the  shell  in  the  helpless 
condition  to  which  we  have  referred  already. 

The  number  of  species  which  have  adopted  this  expi'dient 
outnumber  those  which  have  not,  and  this  speaks  volumes 
for  its  success.  As  examples  we  may  cite  the  vast  army 
of  song  birds,  the  parrots,  cuckoos,  birds  of  prey, 
cormorants  and  tiieir  allies,  and  the  stork  tribe. 

Thoui,'h  the  voung  of  these  birds  are  all  born  in  an 
extremoTy  helidess  state,  they  differ,  it  must  be  noticed,  in 
one  very"  interesting  particular— the  majority,  when  they 
leave  the  shell,  are  perfectly  naked,  whilst  others  are 
enveh>[)ed  in  a  coat  of  down,  and  in  some  the  down  develops 
soon  after  halcliing.  This  variability  in  the  matter  of 
plumage  furnishes  indirect  testimony  in  support  of  the 
theory  which  we  set  out  to  maintain. 

The  amount  of  food-yolk  once  reduced,  return  to  the 
older  fashion  of  active  young  became  impossible;  and 
this  explains  wliv  helpless  young  are  still  born  to  those 
parents   which   have   adopt'ed  the  practice  of   depositing 
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their  eggs  upon  the  ground.  It  proves  that  the  arboreal 
nursery  was  forsaken  after  the  adaptation  to  the  tree- 
dwelling  life  had  taken  place. 

Some  birds,  it  should  be  noted,  like  the  cormorants, 
herons,  and  certain  of  the  gull  tribe,  to  take  a  few 
examples,  build  as  occasion  demands,  either  on  the  ground 
or  in  trees.  It  is  probable  that  we  should  be  correct  in 
approximately  estimating  the  relative  length  of  time  which 
has  elapsed  since  this  specialization  by  the  amount  of 
down  which  the  3'oung  develop.  Thus  it  is  probable  that 
the  storks  and  birds  of  prey,  for  example,  came  under  the 
influence  of  this  liberty-curtailing  factor  later  in  time 
than  the  song-birds,  or  Parrots  and  Kingfisher  for  example. 
In  the  storks,  and  Inrds  of  prey — and  herein  we  may  for 
the  nonce  include  the  owls — the  young  are  invested  in  a 
coat  of  woolly  down  immediately  after  birth.  In  the 
song-birds,  only  tufts  of  extremely  weak  down  make  their 
appearance,  and  these  are  not  numerous  enough  to 
effectually  cover  the  body.  lu  the  Kingfisher  even  these 
are  wanting.  By  way  of  lending  still  further  support  to 
this  view,  we  have  evidence  that  the  youug  of  some  birds 
are  at  the  present  day  slowly  undergoing  this  process  of 
"hobbling" — for  such  it  amounts  to — and  for  reasons  quite 
different  to  those  which  we  have  just  been  reviewing. 
Those  are  the  gulls  and  petrels.  The  young  of  the  former 
are,  as  yet,  only  reduced  to  a  condition  of  partial  helpless- 
ness ;  those  of  the  latter  have  become  completely  so. 
T?oth,  it  is  to  be  noted,  have  a  very  thick  clothing  of  down, 
and  both  are  reared  in  nurseries  built  upon  the  ground, 
and  appear  to  have  been  so  reared  from  time  immemorial. 
Breeding  in  large  colonies,  however,  or  on  the  leilges  of 
precipitous  cliffs,  the  reduction  of  the  food-yolk  and 
helplessness  of  the  young  are  obviously  advantageous, 
since  it  would  be  impossible  for  the  parents  to  recognise 
their  own  offspring  if  fully  active  and  running  about  among 
those  of  their  neighbours.  In  consequence,  a  large  number 
would  almost  certainly  go  imfed  and  soon  starve,  whilst  great 
activity  among  the  young  of  the  cliff-breeding  species  would 
be  accompanied  hy  an  enormous  mortality  owing  to  falls 
from  the  cliffs.  They  have  in  consequence  been  starved 
into  sedentary  habits,  by  cutting  off  the  embryonic  food- 
supply  exactly  as  in  the  case  of  arboreal  birds.  The  life- 
history  of  the  young  albatross  is  sufiiciently  remarkable  to 
deserve  special  mention  here.  Whether  on  account  of  the 
nature  of  the  food,  or  of  a  constitutional  habit,  is  not 
known,  but  by  the  time  it  is  six  weeks  old  it  has  become 
literally  a  mass  of  fat.  This  condition  attained  it  is  for- 
saken by  the  parents  and  remains  on  the  nest  unattended 
for,  it  is  said,  twelve  months ;  during  which  time  it  is 
nourished  only  by  the  absorption  of  this  reserve  store  ! 

Whilst  a  large  number  of  birds  have  adopted  the  expe- 
dient of  ciu-tailing  the  activity  of  the  young,  and  thereby 
have  increased  the  burden  of  family  cares,  there  are  a  few 
species  of  Game-birds  known  as  Megapodes,  or  mound- 
builders,  which  have  succeeded  in  reducing  the  ties  of 
offspring  to  the  smallest  possible  limits  — without  descend- 
ing to  parasitism — by  enormously  increasing  the  size  of 
the  egg  so  as  to  include  a  proportionately  large  amount  of 
food-material  for  the  developing  embryo.  As  a  conse- 
quence, the  whole  of  the  normal  nestling  period  is  passed 
within  the  shell,  and  the  young  bird  emerges  fully  feathered 
and  able  to  fly.  The  parental  instinct  seems,  in  conse- 
quence of  this  habit,  to  have  become  well  nigh  extinguished, 
for  there  is  no  brooding  of  the  eggs,  and  little  or  no  care 
displayed  for  the  chicks.  The  eggs  are  deposited  either  in 
a  huge  mound  of  decaying  vegetable  matter  scraped 
together  by  a  number  of  birds,  or  in  sand  warmed  by 
hot-water  springs,  and  here  they  are  left  to  hatch.  Some 
species,  it  is  said,  hover  around  in  the  neighbourhood  of 
the  nest  and  assist  the  young  birds  to  escape  by  scratching 


away  the  earth,   but   in   the   majority  of   cases  no  such 
solicitude  appears  to  be  displayed. 

That  the  Megapodes  were  originally  hatched  in  trees,  like 
the  young  Hoatzin,  there  can  be  no  doubt ;  since,  like  the 
latter,  the  wing  of  the  young  shows  a  free  finger-tip,  and 
an  arrested  development  of  the  outer  quills,  characters 
which,  as  we  have  already  seen,  are  direct  adaptations  to 
the  peculiar  locomotion  of  tree-climbing  nestlings. 
Further,  we  may  feel  sure  that  the  increase  in  the  amount 
of  food-yolk  did  not  take  {>lace  until  some  time  after  the 
descent  to  the  ground  for  nesting  purposes,  since  the  wing 
of  the  young  Megapode  forms  an  exact  counterpart  to  that 
of  the  young  fowl  or  turkey.  Had  the  increase  taken 
place  earlier,  the  wing  would  have  resembled  that  of  the 
Hoatzin  in  the  possession  of  large  claws.  These  are  now 
present  only  during  embryonic  life. 

The  increase  in  the  food-yolk,  allowing  the  earlier 
nestling  stages  to  be  passed  within  the  egg,  must  be 
accounted  for  by  supposing  the  adult  Megapode  to  have 
been  obliged  to  adopt  this  expedient  to  avoid  perils 
attendant  on  normal  incubation  ;  perils  which  may  since 
have  passed  away,  leaving  no  record  of  their  nature.  A 
return  to  the  normal  method  of  incubation  is  now  im- 
possible, the  instinct  therefor  having  been  replaced  by 
that  which  induces  the  birds  to  bury  their  eggs  and  leave 
them  to  be  hatched  by  heat  other  than  that  of  their 
bodies. 

This  remarkable  habit  of  burying  the  eggs  has  received 
a  quite  different  explanation  to  that  adopted  here,  and 
one  which  seems  to  be  founded  on  a  confusion  of  the 
difference  between  cause  and  effect.  The  great  size  of  the 
egg,  say  the  supporters  of  this  hypothesis,  takes  up  so 
much  room  within  the  body  cavity  that  only  one  can  ripen 
at  a  time,  and  consequently  long  intervals  must  elapse 
between  the  deposition  of  each  egg.  To  wait  till  all  were 
laid  would  be  dangerous,  and,  furthermore,  they  could  not 
all  be  covered  l>y  the  sitting  bird.  Consequently,  each  is 
deposited  as  it  is  laid,  in  an  incubator,  and  left  to  take  its 
chance,  just  as  obtains  among  the  reptiles.  They  hold,  in 
short,  that  the  Megapodes  lay  their  eggs  in  mounds  because 
of  their  size  ;  whilst  the  converse  appears  to  be  the  case — 
the  large  egg  has  been  produced  because  of  the  need  of 
depositing  it  in  some  natural  incubator,  the  parent  being 
unable  to  undertake  this  duty. 

It  may  seem  to  some  that  we  have  drifted  a  long  way 
from  our  starting-point.  A  moment's  reflection,  however, 
will  show  that  this  is  not  really  the  case.  We  set  out  by 
showing  that  the  vestiges  of  claws  present  in  the  wings  of 
modem  birds  are  something  more  than  mere  survivals  of  a 
reptilian  phase  of  development.  That  they  are  indeed 
remnants  of  organs  once  of  extreme  importance;  primarily 
during  the  nestling  period,  and,  secondarily,  during  the 
moulting  periods  of  the  life-history  of  the  earliest  birds. 
Later,  their  use  became  restricted  to  the  nestling  period 
only,  whilst  to-day  they  are  functional  onlv  in  a  single 
species — the  Hoatzin.  The  degeneration  of  these  claws 
followed  in  consequence  of  the  introduction  of  changes  in 
the  nursing  of  the  young,  whereby  the  use  of  the  claws 
was  abolished,  and  infant  mortality  became  at  the  same 
time  reduced.  Thus,  then,  these  vestiges  of  once  useful 
organs  prove  to  1)e  indices  of  the  highest  importance, 
throwing  a  flood  of  light  on  what  would  otherwise  have 
remained  an  impenetrable  mystery. 


CYCLES    OF     ECLIPSES. 

By  A.  C.  D.  Crommelin. 
Part  IH. 
The  300"  Cycle. — It  seems  to  me  that  tliis  is  a  cycle  of 
considerable  utility.     It  is  easily  remembered,  being  an 
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exact  number  of  ceiitiiiics,  and  it  frequently  repeats  tlie 
(rack  of  totality  with  considerable  accuracy.  In  fact  we 
can  say  with  confidence  that  whenever  the  sun  is  totally 
eclipsed  at  a  consideiable  altitude  (totality  rot  beiu^'  very 
brief)  there  wiU  be  a  total  eclipse  300*  later  not  very  far 
away.  "W'l-.en  the  sun  is  very  low,  foreshortening'  may 
shift  the  track  consideiably,  as,  for  example,  1598  total 
in  Scotland  with  low  sun,  1898  total  in  India.  But  the 
other  three  eclipses  on  the  diagram  are  repeated  much 
more  closely  ;  notice  in  particular  the  resemblance  of  IGdO 
to  19(10.  It  may  be  added  that  in  22o0  this  will  be  total 
in  the  North  of  England  (Rev.  S.  J.  Johnson).  As  other 
exam2)les  of  the  cycle,  we  may  give  16(30  (Spain),  1860 
(Spain),  2160  (France).     1551 '(Norway),  1861  (Norway), 


useful,  besides  lieing  much  harder  to  remember.  Mr. 
Stockwell  suggested  the  use  of  a  372^  cycle  (that  is  SOty 
plus  four  Saroses).  He  thus  satisfies  condition  D,  but  at 
the  cost  of  B,  C,  which  it  satisfies  so  badly  that  it  does  not 
need  further  consideration. 

Note. — Mr.  E.  W.  Maunder  has  drawn  my  attention  to  the  fact  that 
a  (500  year  period  (viz.,  two  of  these  periodt)  was  known  to  theatcient 
astronomers,  though  there  does  not  seem  to  be  much  evidence  as  to 
how  it  was  difcoveied.  Josephus  ("  intiquities  of  the  7cw6," 
Chap.  III.)  says  that  the  aneieijts  had  "  a  longer  time  of  life  on 
account  of  ....  the  good  use  they  made  of  it  in  astronomical 
and  geometrical  discoveries,  which  would  not  have  aflordcd  tlie  time 
of  foretelling  [the  peiiods  of  the  stars]  unless  they  liad  lived  600 
years;  for  the  Great  Year  is  completed  in  that  interval." 

Thk    Mboalosaeos.  —  This   is   by   far   the    best   long 


Plate  III. — Tho  300-year  Cycle.     The  last  four  Total  Solar  Eclipses  and  their  counterparts  three  centuries  earlier. 


2161  (England).  1415  (France),  1715  (England),  2015 
(near  Shcflands).  1424  (Germany),  1721.  (England), 
202-1.  (Atlantic).  1781  (N.Africa),  2081  (France),  2381 
(England  ;  this  is  from  Rev.  S.  J.  Johnson).  1406 
(France;  given  above  in  the  521'' cycle),  1706  (Switzer- 
land), 2006  (Egypt). 

Tho  above  ari^  all  total  eclipses;  examples  might  be 
multiplied  ml  lihihnn,  hnt  the  above  will  suliice  to  establish 
the  utility  of  the  cycle. 

It  may  be  noted  that  a  246  year  cycle  (viz.,  300* 
minus  the  triple  Saros)  satisfies  B,  C,  E  better  than  the 
SOO'.     But  it  satisfies  D  so  badly  that  it  is  not  really  so 


eclipse  period  known,  and  bears  a  remarkable  analogy  to 
the  Saros,  as  will  be  seen  by  the  schedule  above.  It 
was  discovered  a  few  years  ago  by  M.  Oppert  ;  he 
apparently  deduced  it  from  theoretical  reasoning,  not 
from  a  study  of  tabulated  eclipses,  as  the  Chaldwans 
discovered  the  Saros.  He  considers  that  this  period  was 
known  to  the  ancients,  which,  however,  seems  to  be  very 
improbable  on  the  face  of  it,  and  to  require  convincing 
evidence  to  establish  it. 

In  this  long  period  the  secular  acceleration  of  the  moon, 
which  causes  her  to  go  quicker  and  quicker  each  century, 
becomes  au  important  factor.      It  is  possible  that  New- 
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comb's  value  of  this  quantity  is  more  accurate  than 
Oppolzer's,  and  therefore  that  tlie  latter's  tracks  for 
ancient  eclipses  are  somewhat  ia  error ;  however,  in  the 
case  of  the  eclipse  of  Thales  in  the  year  —684,  Oppolzer's 
track  is  only  7°  east,  1°  north  of  Newcomb's:,  so  that  the 
Canon  is  suflBciently  accurate  for  the  purposes  of  this 
paper. 

It  will  be  seen  from  the  schedule  that  condition  B  was 
risjorously  satisfied  about  the  year  6.50  ad.  {i.e.,  when 
this  is  the  middle  year  between  the  two  eclipses).  Also 
condition  0  was  rigorously  satisfied  about  1130  a.d.,  so 
that  the  cycle  about  that  time  was  well-nigh  perfection  ; 
it  is  now  slightly  deteriorating,  though  it  will  remain  a 
most  serviceable  cycle  for  ages  to  conu". 


between  the  two  eclipses.     The  shift  in  longituile  is  given 
for  five  different  tjpes  of  eclipses,  viz.: — 

(1)  Total  eclipses,  long  totality.    Ojipolzer's  TJ'„  bttween  '53  and  54. 

(2)  ,,  „         ftort     „    ■  „  „  „       -54    „    -5.5. 

(3)  Annular-Total  et-lippes.  „  ,,  „       '55    „    '5(5. 

(4)  Anniilar  eclipsts.  slio)t  anmilarity.   ,,  .,  ,,       •.')6    ,,    "ST. 

(5)  „  „         long         „         ■      „  „  „       -57    „    -58. 

We  select  the  class  that  suits  our  eclipse,  ai.d  can  at 
once  read  off  fi'om  the  diagram  the  shift  in  longitude'and 
latitude;  whence  we  obtain  the  positions  of  the  sunrise, 
noon,  and  sunset  points  of  the  track  and  can  approximate 
pretty  closely  to  the  intervening  positions. 

As  an  example  I  take  the  eclipse  of  2381,  July  20;  its 
predecessor  occurred  570,  July  11,  being  a  descending  node 


Plate  IV.— Diagram  illusfniting  the  Megalosaros.     The  Eclipsoa  of  190.5,  1907,  1912, 1914,  2381,  are  comparetl  with  their  couuterparts  1085 

years  earlier. 


To  obtain  the  westward  shift  of  the  second  eclipse  of  a 
pair  compared  with  the  first,  we  have  merely  to  nuiltiply 
the  fraction  of  a  day  in  the  length  of  the  period  (colunm  4 
of  the  schedule)  by  360°.  The  result  comes  out  139°-3 
westward  when  1800  is  the  middle  year  of  the  interval, 
lOT'^O  westward  when  -  700  is  the  middle  year. 

I  have  constructed  a  diagram  by  which  the  shift  of  the 
second  eclipse  from  the  first,  both  in  longitude  and  lati- 
tude, may  be  obtained  by  inspection. 

The  year  at  the  top  of  the  diagram  is  the  mean  year 


eclipse,  and  belonging  to  the  long-totality  class.  Tlie 
mean  year  is  1478,  and  our  diagram  gives  the  westward 
shift  as  139°,  the  northward  shift  as  5°,  whence  using 
Oj)polzer's  position  for  the  earlier  eclipse  we  obtain  the 
following : — 

576.  2381. 

94^  East,  39°  North  ..     45''  West,  44°  North. 
176' West,  52°       „     ...     45°  East,   57°       „ 
106°      „      13°        „     ...   115°      „       18°       „ 


Sunrise  point 
Xoon  „ 

Sunset        „ 


[f  hese  points  have  been  plotted  on  the  map.     For  filling 
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ia  the  track  I  have  made  use  of  the  "  Nautical  Almanac  " 
for  1860,  as  the  eclipse  of  July  18  in  that  year  is  the 
corresponding  eclipse  iu  the  521  year  cycle,  and  has  a 
similar  track  as  regards  latitude. 

It  will  of  course  bs  understood  that  the  tracks  predicted 
by  the  Megalosaros  do  not  claim  perfect  accuracy ;  there 
is,  in  fact,  an  uncertainty  of  some  2.5°  in  longitude,  (5'  iu 


Diagram  giving  tlic  Shift  in  Longitude  and  Latitude  of  Eclipse 
Tracks  in  tbc  Megalosaros. 

latitude.  The  cycle  gives  us,  however,  a  close  approxima- 
tion with  a  miiiimnm  of  lal)3ur,  aud  enables  us  to  select 
the  eclipses  that  are  likely  to  prove  interesting  in  any 
given  period. 

Thus  the  eclipse  of  2-381  is  total  iu  eeutral  England  at 
lOh.  Tim.  a  m.  (  Rev.  S.  J.  Johnson,  "  Eclipses  and  Tran- 
sits in  Future  Years"),  from  which  it  appears  that  the 
track,  as  predicted  l)y  the  Meg.,  requires  to  lie  shifted 
westward  aud  southward  through  several  degrees. 

It  may  be  of  interest  to  give  an  illustration  of  the 
application  of  the  Meg.  to  an  eclipse  in  the  remote  past, 
the  eclipse  of  Ho  and  Hi  iu  China.  Rev.  S.  J.  Johnson 
suggests,  among  others,  2126,  October  13,  as  the  date,  aud 
says,  "  on  this  date  I  titid  au  eclipse  visible  iu  China  did 
o(-cur,  but  I  have  not  looked  into  the  circumstances  of  it." 
The  corresponding  eclipse  I  Meg.  later  occurred,  321, 
September  26.  It  was  at  tht;  descending  node,  and 
belonged  to  the  long-auuularity  class.  The  mean  year  is 
—  12^4,  aud  from  our  diagram  we  olibiiu  : —westward 
shift,  170' ;  southward  shift,  8'. 

Whence  we  obtain  the  following,  uslug  Opi>olzer"s 
T)osition  for  the  later  eclipse  : — 

-311.  -212l>. 

Snnvise  point  ...   J07°  West,  54°  North   ...     63' Kast,   02^  North. 
No.m       „        ...     36"       „     29°      „      ...    134°      „       .'57°      „ 

Sunset 20°  Kast,      5°  «outh  ...  170' West,    3°      „ 

I  have  not  inserted  these  tracks  on  the  urap.  which  is 
already  sufficiently  crowded,  but  it  will  be  seen  that  the 
track  "of  annularily  in  -2126  must  have  passed  through 
or  near  China,  in  accordance  with  Rev.  S.  J.  Johnson's 
statement. 

In  couclusiou,  1  would  e.vpress  my  great  indebtedness  to 
Oppol/.er's  great  work  the  "  Canou  of  Eclipses."  The 
amount  of  labour  that  its  preparatiim  must  have  involved 
is  well-nigh  incredible,  and  the  amount  of  assistance  that 
it  gives  in  identifying  auonent  eclipses  or  studying  the  laws 


of  their  recurrence  is  immense.  In  fact  it  quite  super- 
sedes all  cycles  and  other  approxiuiate  methods  for  the 
period  which  it  covers,  and  relegates  their  use  to  the 
extremely  distant  past  or  future. 

But  though  the  study  of  eclipse  cycles  has  not  now  the 
same  imjwrtauce  that  it  had  to  the  ancient  Chaldaeans,  it 
is  stdl  instructive  and,  I  hope,  not  uninteresting,  giving  us 
a  clearer  conception  of  the  nature  of  the  motion  of  the 
sun  and  moou,  and  impressing  us  with  a  sense  of  the 
majestic  law    and    order  which   prevail   throughout   the 

universe. 

♦ 

THE   CHEMISTRY   OF   THE   STARS. 

V.-THE  ORION  STARS. 
By  A.  Fowler,  f.e.a.s. 
The  true  character  of  the  spectra  of  the  Orion  stars  was 
not  realised  until  photographic  methods  were  introduced. 
Rutherfurd — one  of  the  earliest  observers  of  stellar 
spectra — was  unable  to  see  any  lines  whatsoever,  and  this 
also  has  been  the  experience  of  many  subsequent  observers, 
even  iu  some  cases  where  large  instruments  have  been 
employed.  Nevertheless,  Secchi,  in  1863,  published  a 
drawing  of  the  spectrum  of  Rigel  showing  no  less  than  teu 
dark  lines,  among  which  the  C  and  F  lines  of  hydrogen 
were  conspicuous.  Iu  most  of  the  Orion  stars,  how-ever, 
the  lines  are  so  difficult  of  observation  that  even  so 
experienced  an  observer  as  Vogel  described  them  iu  187-1 
as  "  spectra  in  which  the  metallic  liaes  are  few  iu  number, 
and  very  faint  or  entirely  imperceptible,  and  in  which  the 
hydrogen  lines  are  lacking."  Later  observers,  including 
Prof.  Campbell,  have  been  able  to  identify  the  D,  line  of 
Helium  as  well  as  some  of  the  lines  of  hydrogen,  but  the 
fact  remains  that  it  is  to  photography  that  we  owe 
practically  all  our  knowledge  of  this  interesting  and  im- 
portant group  of  stars. 

The  photographic  delineation  of  the  spectra  was  for  a 
time  far  ahead  of  their  interpretation.  Up  to  1895,  the 
lines  of  hydrogen,  two  lines  of  calcium,  and  a  solitary  line 
of  magnesium  (X  4481)  were  the  only  ones  recognised  as 
having  anything  iu  common  with  terrestrial  chemistry. 
One  important  relation,  however,  had  been  arrived  at, 
namely,  that  some  of  the  lin^s  were  identical  with  lines 
associated  with  Dj  in  the  spectrum  of  the  solar  chromo- 
sphere, aud  therefore  presumably  originated  in  the  then 
hypothetical  gas,  helium.  Suspicion  was  converted  into 
certainty  on  the  discovery  of  terrestrial  helium  by  Sir 
William  Ramsay  in  1895.  It  was  then  shown  by  Prof. 
V^ogel,  Sir  Norman  Lockyer,  and  others,  that  most  of  the 
stronger  Orion  lines,  always  e.xcepting  those  of  hydrogen, 
corresponded  in  every  particular  with  the  lines  of  the 
newly-discovered  gas,  and  thus  received  a  completely 
satisfactory  chemical  expl  uiation.  The  lines  of  helium  are, 
iu  fact,  the  most  characteristic  feature  of  the  Orion  stars. 

The  mystery  still  surrounding  other  important  lines 
was  shortly  afterwards  dissipated  by  Sir  Norman  Lockyer's 
identification  of  some  of  them  with  lines  of  silicium  aud 
carbon,  and  by  Dr.  McCleau's  remarkal>le  discovery  that 
several  lines  were  due  to  oxygen.  Not  less  uuexix'cted 
was  the  subsequent  discovery  that  nitrogen  was  responsible 
for  some  of  the  remaining  lines.  The  lines  not  yet 
accounted  for  are  mostly  feeble,  and  their  eventual  identi- 
fication with  lines  of  terrestrial  substances  may  be  reason- 
ably expected. 

The  Ori<.m  stars,  however,  are  not  by  any  means  all  of 
the  same  pattern.  Some  of  the  lines  are  of  different 
intensities  iu  different  stars,  and  lines  found  iu  one  may 
even  be  absent  from  another.  Signs  are  not  wanting  that 
these  dift'ereuces  are  due  to  the  different  stages  which  the 
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stars  have  reached  in  an  evolutionary  process,  and  there  is 
abundant  evidence  to  show  that  the  nearest  relations  of 
the  Orion  stars  are  stars  of  the  first  type.  Including  such 
stars  as  y  Argus,  which  show  bright  as  well  as  dark  lines 
in  their  spectra,  Lockyer  classifies  the  Orion  stars  in  eight 
groups,  and  suggests  their  arrangeiueut  in  the  following 
evolutionary  order :  — 

Argonian  (y  Argus). 
Alnitamiau  (e  Orion  is). 
Crucian  (a  Crucis).  I     Achernian  (a  Eridani). 

Taurian  ( ?  Tauri).  Algolian  (/i  Persei). 

Eigelian  (j3  Orionis).       |    Markabian  (a  Pegasi). 

Oil  tlie  left  are  the  stars  believed  to  be  of  increasing 
temperature,  following  a.  Cygni  in  the  evolutionary  scheme, 
and  on  the  left  those  of  decreasing  temperature,  which  are 
immediately  succeeded  by  stars  of  the  Sirian  group.  The 
maximum  of  stellar  temperature  is  considered  to  lie 
represented  by  the  two  groups  which  head  the  list. 

It  is  not  necessary  here  to  describe  in  detail  the  differ- 
ences between  the  several  groups.  Suffice  it  to  say  that  in 
passing  from  the  Eigelian  to  the  Alnitamian  group  there  is 
a  general  dimiuHtion  in  the  strength  of  the  enhanced 
metallic  lines,  accompanied  by  an  increase  in  the  intensities 
of  the  lines  of  helium,  while  in  passing  from  the  Alnitamian 
to  the  Markabian  group  there  is  a  similar  change  in  the 
inverse  order.  Stars  on  the  down  grade  are  distinguished 
from  those  of  similar  temperature  which  are  becoming  hotter 
bv  the  greater  intensity  of  the  lines  of  hydrogen,  and  the 
lower  intensities  of  the  additional  lines  as  a  whole. 

The  Alnitamian  group  is  especially  distinguished  by  the 
presence  of  a  series  of  lines  of  hydrogen  first  discovered  in 
X  Puppis  by  Prof.  Pickering,  the  wave-lengths  of  which 
bear  a  simj^le  numerical  relationship  to  the  series  of  lines 
of  that  gas  with  which  we  are  familiar  in  the  Sirian  stars 
and  in  the  spectra  obtained  from  Geissler  tubes.  This  new 
series  has  not  yet  been  experimentally  reproduced,  but  the 
similarity  with  other  spectra  which  form  "series"  justifies 
the  belief  that  it  is  produced  by  hydrogen  in  a  particular 
but,  at  present,  uukuown  state;  Miss  Gierke  distinguishes 
this  form  of  the  gas  from  the  ordinary  form  by  the  appro- 
priate title  "cosmic  hydrogen,"  while  Sir  Nonnau  Lockyer 
calls  it  "  proto-hydrogen."  Another  important  line  at 
A.  4(JS7,  as  Eydberg  has  shown,  is  in  all  probability  a  line 
of  the  "  principal  "  series  of  hydrogen  (the  others  forming 
the  two  "  subordinate  "  series),  and  the  only  one  which 
comes  within  our  present  range  of  stellar  observation.  As 
in  the  case  of  the  Pickering  series,  all  efforts  to  reproduce 
this  line  in  the  laboratory  have  so  far  been  fruitless,  owing 
probably  to  lack  of  means  to  raise  the  gas  to  a  sufficiently 
high  temperature. 

The  Crucian  variety  of  the  Orion  stars  is  by  far  the 
most  numerous,  at  least  among  the  brighter  stars  which 
have  been  investigated  in  sufficient  detail  for  their  proper 
classification.  Among  the  l)est  examples  in  the  northern 
hemisphere  are  y  Orionis  and  i)  Ursa;  Majoris,  and  in  the 
southern  heavens  a  and  /3  Crucis.     The  .spectrum  of  the 


(The  longitudinal  streaks  are  due  to  irregularities  in  the 
driving  clock,  the  photograph  having  been  taken  with  a 
prismatic  camera.) 

The  wave-lengths  of  the  lines  marked  in  the  photograph 
are  as  follow  :  — 
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From  the  detailed  tables  of  stellar  lines  which  have 
been  published  by  Sir  Norman  Lockyer,  we  gather  that 
the  chemical  elements  hitherto  identified  in  four  typical 
stars  of  the  Orion  class  are  as  follow  :  — 
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The  paucity  of  substances  actually  represented  by 
spectrum  lines  in  these  stars  is  not  necessarily  at  variance 
with  the  view  that  all  stars  are  fundamentally  of  the  same 
composition.  We  know  from  laboratory  experience  that 
the  elements  contained  in  a  mixture  are  not  always  equally 
effective  in  making  their  presence  known  in  the  spectrum. 
Again,  it  is  usually  only  the  reversing  layer  that  gives  any 
intelligible  information  as  to  the  composition  of  a  star, 
and  it  may  be  that  many  substances  fail  to  show  themselves 
in  the  absorption  spectrum  just  as  the  Dj  line  of  helium 
writes  no  record  in  the  dark  line  spectrum  of  the  sun. 
Or,  as  Sir  Norman  Lockyer  supposes  from  the  stellar 
evidence,  metallic  substances  such  as  iron,  submitted   to 
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Fig.  19. — The  Spectrum     of  B  Cracis,  showing  the  origins  of  some  of  the  principal  lines. 


latter,  in  which  the  lines  of  oxygen  are  developed  to  an 
exceptional  degree,  is  reproduced  in  Fig.  10  from  a  photo- 
graph  which  we  owe  to  the  kindness  of  Dr.   McClean. 


the  transcendental  temperatures  of  the  hottest  stars,  may 
be  dissociated  into  hydrogen  and  helium.  In  one  or  all  of 
these  ways  the  absence  of  legible  indications  of  so  many 
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PHOTOGRAPH    OF   THE    SUN    IN    "  K-LIGHT,"   SHOWING    CALCIUM    CLOUDS. 

Taken  with  the  Rumford  Spectroheliograph,  attached  to  the  great  40  inch  Refractor  of  the  Yerkes  Observatory,  by  Prol.  GEORGE  E.   HALE 
and  Mr.  FERDINAND   ELLERMAN,    1903,  April  27,  loh.  52m.,  Central  Standard  Time. 
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substances  from  the  Orion  stars  may  possibly  be  accounted 
for. 

The  argument  for  the  identity  of  ccinipositiou  with  other 
groups  of  stars  is  based  on  the  continuity  of  the  spectral 
phenomena.  Just  as  in  passing  from  stars  of  the  second 
to  stars  of  the  first  type  the  ordinary  metallic  lines  give 
way  to  the  enhanced  lines,  so  in  proceeding  onwards  to 
the  Orion  stars  these  lines  are  themselves  displaced  by- 
lines chiefly  due  to  gases.  The  changes  are  never  abrupt, 
and  it  is  this  unbroken  sequence  which  leads  to  the  belief 
that  the  different  types  of  stellar  spectra  indicate  different 
stages  in  the  evolution  of  similar  masses  of  matter. 

The  names  of  st^mie  of  the  brighter  Orion  stars,  with  the 
groups  to  which  they  belong  in  Lockyer's  classification,  are 
given  in  the  following  table  : — 


focal  lengths  of  about  33  inches.  After  pa«^tig  through 
the  collimator  lens  the  light  faJl*,  up6n  9,  plane  mirror, 
from  which  it  is  reflected  to  ftl*ain  of  iwo'60'  prisma,  set  at 
minimum  deviation  for  the  K-line.  A  sejCond  slit  is  placed 
close  to  the  focus  of  the  camera  leas>iaai3  m  the  case  of  the 
photograph  in  questioUj.jwaSi  Set  at  the  qentre  of  the 
K-liue.  The  great  -itBfJ^iricfis  telescoM  ig'HSade  to  move 
slowly  in  declination  by  meajis  <>£« 'slow-motion  electric 
motor,  and  the  sun's  image  consequently  moves  at  a 
uniform  rate  across  the  first  slit.  The  photographic  plate 
is  at  the  same  time  driven  at  the  same  rate  across  the 
second  slit  by  means  of  a  shaft  led  down  the  tube  of  the 
telescope  from  the  motor.  In  the  accompanying  photo- 
graph a  double  Hooke's  joint  is  shown  connecting  this 
shaft  with  the  end  of  the  screw  which  drives  the  plate,  but 
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*  Princiiml  Stirs. 

1 

It  will  be  observed  that  the  Orion  stars  are  by  no  means 
restricted  to  the  constellation  of  Orion,  except  in  the  case 
of  the  Alnitamian  group,  the  brightest  memi)ers  of  which 
are  the  three  stars  forming  the  bslt  of  Orion.  The  name 
Alnitam  (often  erroneously  spelt  Alnilam)  in  fact  means 
"  a  belt  of  spheres  or  pearls."* 

A  study  of  the  distribution  of  these  stars  on  the  celestial 
sphere,  and  of  their  proper  motions,  has  proved  most 
instructive.  It  is  found  that  the  great  majority  of  them 
lie  near  the  ])lane  of  the  Milky  Way,  and  their  vast 
distances  are  indicated  by  the  almost  invariably  small 
proper  motions,  so  that  the  two  results  together  seem  to 
suggest  that  the  Orion  stars  form  a  ring  of  almost 
inconceival)le  magnitude. 


THE    SUN    AS    PHOTOGRAPHED    ON    THE 
K-LINE. 

In  Knowledge  for  January,  18'.'-t,  Prof.  U.  E.  Hale 
publislie<l  two  photographs  of  the  sun,  which  he  had  taken 
ui  nionocliroinatic  light  by  means  of  the  spcctroheliograph, 
using  for  this  purpose  the  K-line  of  calcium.  We  are 
now  able  to  ]>lace  before  the  readers  of  Xnowledge, 
again  by  the  kindness  of  Prof.  Hale,  a  recent  photograph 
of  the  sun  ill  K-liglit,  which,  by  its  groat  b.^auty  and 
sharpness  of  detail,  afford.s  an  index  of  the  progress  which 
has  been  made  iu  perfecting  the  iiistnuiient.  and  the 
method  of  work. 

The  Kumfonl  sii(!i(roheliograpli,  with  which  the  photo- 
gra|)h  was  taken,  is  attai'hed  to  the  great  -tO-iueh  refractor 
of  the  Yerkes  Observatory.  As  the  focal  length  of  that 
telescope  is  64  feet,  the  imago  of  the  sun  in  the  principal 
focus  is  slightly  over  7  inches  in  diameter.  The  objectives 
(portrait  lenses)    of   the   collimator   and  camera   of   the 

•  Lockjer,  Jloy.  iSoc.  Proc,  vol.  65,  p.  187. 


spectroheliograph  are  each  6i  inches  in  aperture,  with 
this  has  now  been  replaced  by  a  belt  connecting  grooved 
pulleys  on  the  ends  of  the  shaft  and  the  screw  respectively. 
The  two  slits  are  each  8  inches  in  length,  and  are  given  the 
proper  curvature  necessary  to  eliminate  distortion  of  the 
solar  image.  But  the  aperture  of  the  spectroheliograph  is 
not  quite  sufiicient  for  a  7-inch  image  of  the  sun,  and  this 
occasions  much  loss  of  light  at  both  ends  of  the  long  slit, 
and  is  the  cause  of  the  falling  off  in  brightness  at  the  two 
opposite  limbs  of  the  sun,  which  will  be  noticed  in  the  plate. 
A  comparison  of  the  photograph  on  the  plate  with  an 
ordinary  photograph  of  the  sun,  taken  on  the  same  day 
with  the  Thompson  photoheliograph  of  the  Royal 
Oliservatory,  Greenwich,  shows  three  very  striking 
differences  between  them.  The  "  mottling  "  on  the  K-line 
jihotograph  is  far  more  pronounced,  and  its  reticulations 
display  a  more  open  mesh  than  the  "  white-light  "  photo- 
graph taken  at  Greenwich.  Next,  the  bright  calcium 
clouds,  of  which  five  principal  groups  are  seen  in  the  jjlate, 
though  they  correspond  in  position  to  the  groups  of 
facula;  shown  on  the  Greenwich  photograph,  and  even  to  a 
very  considerable  extent  iu  form,  are  more  extensive 
and,  especially  near  the  centre  of  the  sun,  far  more 
distinct.  Prof.  Hale  proposes,  for  the  sake  of  clearness,  to 
give  these  calcium  clouds  a  specific  name,  and  suggests 
the  name  "  Flocculi "  for  them.  Thirdly,  the  dark  spots 
cover  a  much  greater  area  on  the  Greenwich  photograph 
than  on  that  taken  by  the  Yerkes  sport lolieliograph.  This 
is  due  to  the  way  in  which  these  bright  calcium  Flocculi 
extend  themselves  above  the  spots,  concealing  the  greater 
part  of  each  group.  The  three  principal  spot-groups  are 
the  same  as  those  shown  in  the  plate  of  the  June  number 
of  Knowi.eihik,  which  is  a  reproduction  of  a  photograph 
taken  three  days  later  than  the  present  one.  The  great 
calcium  cloud  halfway  between  the  sun's  centre  and  the 
north  limb,  iu  the  present  plate,  corresponds  to  the  spot- 


2^0 


KNOWLEDGE 


[October,  1908. 


group  G,  shown  on  p.  131,  and  it  will  be  seen  at  ouce  that 
the  smaller  preceding  spots  of  the  group  are  entirely 
hidden  b_v  the  ramifications  of  the  Flocculi. 

Prof.  Hale,  in  a  communication  describing  his  instru- 
ment and  its  work,  writes  : — "  Bj  setting  the  second  slit  on 


The  Kumt'ord  Spectrolicliogi-aph  of  the  Yerkes  Observatory. 


various  parts  of  the  K-band,  it  is  possible  to  photograph 
sections  of  the  calcium  flocculi  at  different  elevations 
above  the  photosphere.  This  is  due  to  the  fact  that  the 
width  of  the  K-band  is  determined  bj  the  density  of  the 
vaiiour  ;  hence,  if  the  slit  is  set  near  the  outer  edge  of  the 
broad  band,  it  can  receive  light  only  from  the  calcium 
vapour,  which  is  dense  enough  to  produce  a  baud  of  this 
width.  \Vhen  the  slit  is  set  near  the  centre  of  the  baud 
it  receives  light  from  all  the  vapour  lying  below  the 
corresponding  level.  But  as  the  vapour  expands  as  it 
rises,  a  given  photograph  always  shows  the  structure 
corresponding  to  the  lowest  density  (highest  level)  of  the 
calcium  vapour  competent  to  produce  a  line  of  the  necessary 
width.  I  shall  jiublish  very  soon  a  series  of  photographs 
showing  how  spots  are  successively  covered  by  overhanging 
calcium  clouds  in  photographs  taken  at  different  levels. 

"  If  sufficiently  high  dispersion  is  used,  photographs  can 
be  taken  with  any  of  the  dark  Unes  of  the  solar  spectrum. 
For  example,  I  have  succeeded  in  obtaining  hydrogen  and 
iron  pictures  by  using  a  grating  in  place  of  the  plane 
mirror  in  the  optical  train  of  the  spectroheliograph.  The 
grating  gives  a  spectrum  which  is  afterwards  further 
dispersed  by  the  two  prisms.  The  prisms  also  serve  to 
reduce  greatly  the  diffuse  light  from  the  grating  by 
.spreading  it  out  into  a  spectrum.  Photographs  taken  with 
the  hydrogen  lines  give  dark  structures  scattered  all  over 
the  sun.  In  many  cases,  especially  away  from  simspots 
and  other  distui-bed  regions,  these  dark  hydrogen  regions 


correspond  closely  m  form  with  the  calcium  flocculi.  But 
in  the  neighbourhood  of  sunspots  there  are  frequently 
very  marked  differences  of  an  interesting  kind.  In 
much  disturbed  regions  bright  hydrogen  structures  are 
occasionally  shown.  These  usually  correspond  with  very 
liright  calcium  flocculi  shown  in 
high  level  pictures,  but  it  is  a  sig- 
niticant  fact  that  no  evidence  of 
such  increased  brightness  is  notice- 
able in  the  low  level  calcium  j)ic- 
tures  taken  at  the  same  time. 
Through  a  comparison  with  the 
hydrogen  photographs  we  have 
found  that  dark  calcium  flocculi 
are  occasionally  present.  I  shall 
give  a  brief  preliminary  discussion 
of  these  results  in  a  paper  which  I 
liope  to  publish  very  soon. 

"  It  seems  to  me  desirable  to 
point  out  that  the  calcium  flocculi 
ure  not  prominences,  but  are  com- 
]>aratively  low  level  phenomena  in 
the  chromosphere.  In  the  case  of 
eruptions,  very  brilliant  pro- 
minences are  of  course  sometimes- 
^hown  projected  against  the  disk, 
but  these  differ  decidedly  from 
t  he  flocculi  ordinarily  photographed. 
I  am  not  yet  in  a  position  to  state 
to  what  level  the  dark  hydrogen 
clouds  correspond.  It  is  also  im- 
I'ortant  to  remark  that  attempts 
to  photograph  the  sun's  disk 
through  the  dark  lines  will  give 
very  misleading  results  if  low  dis- 
persion is  employed.  It  is  ab- 
solutely necessary  that  the  dis- 
persion be  so  great  as  to  produce 
dark  lines  which  are  distinctly 
wider  than  the  second  slit  of  the 
spectroheliograph.  Otherwise  only 
the  ordinary  faculse,  which  produce 
increased  brightness  of  the  continuous  spectrum,  will  be 
shown  on  the  plate." 


Hf  tttrs. 


[Hie  Editors  do  not  bold  themselves   responsible    for   the   opinions 
or   statements   of   correspondents.] 


BOREELLT'S     COMET,     1903. 

TO    THE    EDITOKS    OF    KNOWLEDGE. 

Sirs, — The  accompanying  photographs  were  taken  with 
a  reflector  of  65  inches  aperture  and  28  inches  focus,  fixed 
on  to  an  8.j  inch  equatorial  reflector. 

The  nucleus  of  the  comet  was  kept  as  nearly  central  as 
possible  in  the  corner  of  a  thick  cross-wire  micrometer 
eyepiece,  by  setting  the  clock  to  drive  at  the  rate  of  the 
comet's  motion  in  K.A.,  the  decUnation  being  regulated  by 
hand. 

Cadett's  Lightning  Plates  were  used,  with  dilute  Rodiual 
and  prolonged  development,  according  to  the  method 
described  bv  Mr.  Eitchey  at  a  recent  E.A..S.  meeting. 

No.  1,  taken  on  22nd"  July,  at  lOh.  58m.  to  llh.  .30m., 
G.M.T. ;  No.  2,  taken  on  26th  Julv,  at  lOh.  SUm.  to 
llh.  Cm.,  G.M.T. 

A  consideral)le  change  is  shown  during  this  interval  of 
nearly  four  days  in  the  structure  of  the  tail,  and  it  is  also 
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to  l>e  remarked  that  the  well-defined  fan-like  rays,  so  well 
seen  in  No.  1  photograph,  could  not  he  perceived  visually 
witli  anytliiug  like  so  great  distinctness  in  the  larger 
reflector. 

The  scale  of  the  photographs  taken  on  plates  2|  by  2  is 
049  inch  =  1°.  R.  C.  Johnson. 


No.  1.— Borrellj'3  Conief,  1903,'July  22d.,  lOh.  58iu.— llh.  3fni. 

SOUTH. 


-Borrelly's  Conwt,  1903,  July  2M.,  lOli.  3(lm.— llh.  Oin. 
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CURIOUS    SUNSET    PHENOMENON. 

TO    THE    EDITORS    OF    KNOWLEDGE. 

— Tlie  phenomenon  dcscrilied  by  Lie\it.  Field,  it. a., 
familiar  to  me.  Although  I  have  not  been  in  India 
frequently  seen  it  in  South  Africa.     It  reijuires  a 


bright  sun  and  a  thinly-dispersed  cirrus  cloud  in  the  spots 
where  the  patches  appear ;  I  believe  about  22"  either  to 
right  or  left  of  the  sun.  I  often  used  to  watch  the  pheno- 
menon when  in  Natal,  and  it  could  often  be  seen  en  either 
side  of  the  suu. 

Looking  over  my  note  books  I  find  I  recorded  the  same 
thing  as  seen  at  Gibraltar  on  30th  May,  1893—-'  a  pretty 
coloured  image  of  the  sun  to  the  left  of  that  luminary." 

In  Ireland,  January  29th,  1890,  I  recorded  portions  of  a 
solar  halo  visible.  To  the  right  of  the  sun  there  was  a 
brilliant  white  patch  of  light,  shaded  off  with  prismatic 
colours.  There  was  another  patch,  but  not  quite  so  intense, 
on  the  left  of  the  sun.  They  evidently  formed  parts  of  a 
circle,  of  which  the  sun  was  the  centre,  for  later  on,  at 
about  10  a.m.,  I  could  trace  the  halo  above  the  sun  joiniog 
the  coloured  parts,  although  it  (the  circle)  was  white. 
The  patches  continued  liright  for  about  a  quarter  of  an 
hour.     This,  it  must  be  noted,  was  iu  the  morning. 

Lastly,  I  note  that  on  April  29th,  1902,  while  crossing 
from  Penzance  to  the  Scilly  Isles,  I  saw  at  about  6  p.m., 
a  rather  faint-coloured  patch  of  light  22°  (or  so)  to  right 
of  suu.  There  was  a  tendency  to  lengthen,  vertically,  as  if 
part  of  a  halo.  Part  nearest  suu  red,  rest  white.  Sky  to 
left  of  suu  clear  blue ;  but  suddenly  a  scrap  of  "  mare's- 
tail "  cloud  (drifting  along)  showed  the  most  brilliant 
prismatic  colouring,  principally  red,  but  also  partly  pure 
white.     A  very  pretty  sight. 

It  is  obviously  a  phenomenon  analagous  to  the  rainbow, 
but  instead  of  a  reflection  followed  by  refraction,  I  presume 
it  is  a  case  of  refraction  and  dispersion  only.  What  is  the 
nature  of  the  particles  of  watery  vapour  favourable  to  the 
production  of  these  coloured  patches,  that  is,  whether  in 
form  of  water,  ice,  or  otherwise,  I  am  not  physicist  enough 
to  say,  but  from  my  experience  I  am  certain  that  a  thin 
stratum  of  cirrus  cloud  is  necessary  to  produce  them. 
Thev  are  commoner  than  supposed,  and  faint  traces  of 
them  can  often  be  observed  by  a  lover  of  the  sky  who 
keeps  his  eyes  open. 

Salisburv.  E.  E.  M.\ekwick,  Col. 


METHOD  OF  ASCERTAINING  MOON'S  AGE. 

TO    THE    EDITORS    OF    KNOWLEDGE. 

Sirs, — Mr.  Crommeliu  in  his  interesting  paper  on 
Cycles  of  Eclipses  tells  us  the  Saros  may  be  used  to  give 
tlie  rough  position  of  the  moon  and  age  on  dates  for  which 
an  almanack  is  not  available.  If  only  the  age  is  required 
there  is  a  simpler  way,  which  requires  no  almanack  at  all. 
Mv.  Crommelm  is  certainly  acquainted  with  it  although  he 
has  not  mentioned  it.  I  am  not  aware  where  I  got  it 
from,  but  I  continually  use  it  mentally  when  I  come  across 
references  to  moonlight  phenomena,  and  often  find  errors. 
It  is  to  divide  the  year  by  19,  take  the  remainder,  multiply 
bv  11  and  divide  by  30.  Take  the  remainder  again,  add 
the  <lay  of  the  month,  and  one  for  every  month  in  the  year 
after  March,  the  result  is  appro.Kimately  the  age  of  the 
moon.  Thus,  to  take  Mr.  Crommelin's  two  dates,  what 
was   age   of   moon  March   8th.   1899,  and  what  was  age 

Then  ^'^•^•'  =  99,  and  remainder  18. 
19 
18  X  11 

30 
and  we  get  age  of  moon,  2(3  days.     In  the  second  case, 

1809       „^        ,  .    ,      ,      -t  X  11 

-  =  9.'),  and  remainder  4.        .,  , 
19  <iO 

14.     Add  this  to  January  12th,  and  we  again  get  age  of 
moon,  2(j  days. 

J  ust  as  au  instance  later  in  the  year.     What  was  age 


January  Pith.  1809  : 

=  G,  and  remainder  18.     Add  this  to  March  8th, 


=  1.  and  ivmainder 
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Novembor   'iGtli,    1898? 


17  X  11 

30 


1898 
19 


99,  and  ninainder  17. 


(>,  ami   romainder  7.      Adding   "iO,   and   8,   as 

November  is  8tli  mouth  from  March,  we  have  41,  which, 
less  29,  is  12  days  old. 

While  not  absolutely  accurate,  this  is  near  enough  for 
manv  purposes.  Edwin  Holmes. 

♦ 

Botanical. —  Arclnvulnaia,  Vol.  LVIIT.,  contains  a 
rt'poit  bv  Mr.  Clement  Reid  on  the  material  collected 
during  1902  by  Mr.  A.  H.  Lyell  from  the  rubbish  pits  and 
old  wells  of  Eomau  Silchester.  This  material  furnished 
numerous  seeds  and  other  parts  of  plants  of  which 
twenty-four  species  have  been  determined,  all  being 
additions  to  the  already  known  flora  of  the  town  as  it 
existed  in  Roman  times.  With  one  exception  all  the 
plants  enumerated  are  common  wild  species  in  this  country 
at  the  present  day,  and  many  are  very  familiar  weeds, 
such  as  Ranunculus  ncris,  Galium  Aparine,  Centaurea 
nicfra  and  Taraxacum  officinale.  The  one  exception  is 
Bii.nis!  Bempervirens,  the  Box,  represented  by  clippings 
associated  with  various  weeds  and  the  common  Elder. 
It  is  not  possible  to  say  with  certainty  whether  the  tree 
was  indigenous  or  only  cultivated  at  Silchester,  but  Mr. 
Reid  thinks  from  the  association  of  the  clippings  that 
they  probably  belonged  to  withered  garlands  made  from 
wild  trees,  and  were  not  garden  refuse.  This  evidence  is 
especially  interesting  in  view  of  the  fact  that  there  has 
been  some  controversy  as  to  whether  the  Box  is  really  a 
native  of  this  country  or  not.  In  his  Haridboolc  of  the 
Briti/ih  Flora  Mr.  Bentham  says  that  the  Box  is  "  found  in 
Britain  only  in  some  localities  in  southern  England,  and 
even  there  it  is  doubted  whether  it  may  not  have 
been  introduced,  as  it  has  long  been  much  planted  in 
shrubberies.'  Mr,  H.  C.  Watson  ignores  it  altogether  in 
his  Topograplical  Botany,  while  in  his  Cybele  he  calls  it  a 
denizen.  Mr.  Reid's  reference  to  the  Box  recalls  to  notice 
three  important  communications  published  in  the  Journal 
of  Botany  for  1901.  The  first  of  these,  by  Mr.  G.  Murray, 
deals  chiefly  with  the  trees  growing  on  Box  Hill  in  Surrey, 
and  the  second  by  Mr.  C.  Bucknall,  with  those  in 
Gloucestershire.  The  evidence  submitted  by  these  writers 
leaves  scarcely  any  doubt  that  the  Box  is  truly  indigenous 
at  the  former  place,  and  also  at  Boxwell,  near  Alderley,  in 
Gloucestershire. — S.  A.  S. 


Entomological. — All  students  of  the  Lejiidoptcra  in 
general,  and  the  Hawk-moths  in  particular,  owe  a  debt  of 
gratitude  to  the  Hon.  Walter  Rothschild  and  Dr.  Karl 
Jordan  for  their  monumental  "  Revision  of  the  Lepidop- 
terous  Family  Sphingidae,"  which  has  lately  been  issued 
from  Tring  {Noviiates  Zoologicse,  jVol.  IX.,  Supplement, 
1903).  Every  species  of  this  important  family  is  carefullv 
described,  and  the  monograph  marks  a  great  advance  in 
the  study  of  Moths  on  account  of  the  attention  paid  to 
structural  details.  Classification  is  no  longer  made  to 
depend  chiefly  on  the  shape  and  pattern,  or  even  the 
neuration  of  the  wings.  The  form  of  the  palpi,  the  arma- 
ture of  the  legs  and  feet,  and  the  claspers  of  the  male 
insects,  are  all  accorded  their  value  in  the  systematic 
arrangement,  while  innumerable  anatomical  features  are 
figured  for  the  first  time. 

The  current  volume  of  the  Transactiong  of  the  Entomolo- 
gical Society  (1903,  pp.  39—52,  pis.  2,  3)  contains  an 
interesting  account  by  Mr.  L.  R.  Crawshay  of  the  life- 
history  of  the  beetle  Brilus  fiaviscciis  as  observed  in  Sussex 
during  the  last  three  years.     The  larvse  have  the  curious 


habit  of  preying  upon  various  small  snails.  A  larva 
captures  a  snail  and  pushes  it  to  some  convenient,  hidden 
spot  ;  then  it  creeps  within  the  shell  and  slowly  devours 
the  mollusc.  If  the  snail,  when  the  shell  is  seized  by  the 
lieetle-larva,  comes  out  and  tries  to  escape  or  to  drive  tl  e 
assailant  away,  the  latter  attacks  it  fiercely  with  its  man- 
dibles. Larval  life  may  last  for  two  or  tliree  years,  and 
the  insect  passes  the  winter  in  a  passive  and  somewhat 
pupa-like  condition. — G.  H.  C. 


Zoological. — To  the  August  issue  of  the  Proceedings 
of  the  Zoological  Society  Mr.  Lydekker  contributes  an 
article  on  the  nature  of  the  callosities  (the  mallenders  and 
salleuder.s  of  the  old  veterinary  books)  on  the  limbs  of  the 
horse  family.  The  view  that  these  represent  vestigial 
foot-pads  is  disputed  on  palseontological  grounds,  and  it  is 
suggested  that  they  may  be  remnants  of  decadent  glands. 
The  fact  that  modern  horses  have  lost  the  facial  glands  of 
their  extinct  ancestors  may,  it  is  urged,  lend  some  support 
to  the  latter  opinion. 

The  description  in  the  same  journal  by  Mr.  de  Winton 
of  a  new  species  of  pigmy  antelope  (Neotragns  batesi)  from 
the  Cameroons  is  a  matter  of  considerable  interest,  that 
genus  (in  its  modern  restricted  sense)  having  hitherto 
been  represented  only  by  the  royal  antelope  ( N.  pygmaeus) 
of  Liberia. 

In  the  Journal  of  the  Bombay  Natural  History  Society 
for  July,  Mr.  H.  Ferguson  describes  two  cetaceans  captured 
on  the  Madras  coast  at  Trivandrum.  One  of  these  is 
identified  by  Mr.  Lydekker  with  Ps^vdorca  cias»idens 
(first  known  by  a  sub-fossil  skeleton  from  the  Lincolnshire 
fens),  while  the  second  is  regarded  as  representing  a  new 
species  of  bottle-nostd  dolphin,  under  the  name  of  Tvrsiops 
fergusoni. 

One  object  of  the  light-coloured  area  on  the  hind- 
quaiters  of  so  many  ruminants,  as  well  as  quaggas  and 
wild  asses,  is  explained  by  Mr.  R.  I.  Poeock  in  a  recent 
issue  of  Nature.  It  has  been  shown  by  an  American 
artist,  Mr.  Thayer,  that  the  light  under-parts  of  many 
ungulates  which  live  habitually  in  the  open  in  strong 
sunlight  are  for  the  purpose  of  counteracting  the  effects 
of  the  dark  shaele  cast  by  the  body,  and  thus  rendering 
the  animals  inconspicuous.  It  has  now  been  deuKmst rated 
that  when  an  animal,  with  a  light  area  on  the  buttocks, 
like  the  true  quagga  and  the  kiang,  or  Tibetan  wild  ass, 
is  lying  down,  these  light  parts  come  into  line  with  the 
white  of  the  belly,  and  thus  accentuate  the  inconspicuous- 
ness.  Mr.  Pccock  has  further  shown  that  the  reason  why 
the  true  quagga  and  Burchell's  bonte-quagga  have  departed 
from  the  fully-striped  black  and  white  coloration  of 
Grant's  bonte-quagga  of  the  north-east  of  Africa  by  the 
development  of  white  under-parts,  buttocks  and  legs,  the 
ton'ng-down  of  the  black  stripes  to  brown,  and  the  inter- 
calation of  pale  "  shadow- stripes,"  is  for  the  purpose  of 
rendering  the  animals  inconspicuous  in  the  sun-lit  open 
veldt  and  karru ;  Grant's  bonte-quagga  and  the  other 
fully-striped  asses,  as  well  as  the  true  zebra  and  Grcvy's 
zebra,  inhabiting  more  broken  or  bush-clad  country. 

According  to  Mr.  O.  Thomas  {A7inals  of  Natural  Higtory 
for  August)  quite  a  number  of  small  spotted  South 
American  cats  allied  to  the  tiger-cat  may  be  recognised. 
It  is  stated,  however,  that  individuals  of  the  same  species 
display  an  extraordinary  amount  of  variation,  both  as 
regards  colour,  and  the  form  and  size  of  the  skull,  so  that 
the  study  of  the  group  is  beset  with  unusual  difficulties. 

According  to  the  latest  report  of  the  commission  sent 
to  investigate  the  nature  and  cause  of  the  •'  sleeping- 
sickness  "  in  Uganda,  there  is  good  reason  to  suppose  that 
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a  species  of  tsetse-fly  is  a  carrier  of  the  disease.  Parasites 
of  the  genus  Trypanosoma — the  active  cause  of  nagana, 
or  tsetse  disease — have  been  found  in  abundance,  first  iu 
the  cerebro-spinal  fluid,  and  then  in  the  blood  tT  victims 
of  the  sleeping  sickness.  As  it  was  obvious  that  the 
parasites  could  not  be  conveyed  from  man  to  man,  an 
insect  carrier  was  assumed,  and  suspicion  fell  on  the  tsetse. 
Subsequently  tsetse  were  discovered  iu  abundance  in 
Uganda,  although  previously  not  supposed  to  exist  there. 
As  the  sleeping  sickness  is  likewise  new  to  the  country,  the 
suspicion  arises  that  tsetse  may  have  been  introduced 
through  the  Congo  and  Aruwimi  route  from  the  west  coast, 
where  sleeping  sickness  has  long  been  endemic. 
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Conducted  by  Harry  F.  Witherby,  f.z.s.,  m.b.o.u. 

Vitaliti/  in  Incuhated  Eggs.— The  disa'trous  weather  this  summer 
has  conclusively  shown  the  astounding  vitality  of  eggs  when  much 
incubated,  i.e.,  eggs  within  a  day  or  two  of  hatcliing  but  not  chipped. 
I  suppose  Juno  19th  is  the  great  Partridge  hatching  day,  and  that 
date  appeared  this  year  to  have  been  the  climax  of  bad  wcatlier.  So 
bad  was  it  that  hundreds,  nay,  probably  thousands  of  Partridges,  were 
fairly  driven  off  their  nests,  though,  sad  to  relate,  a  few  extra  devoted 
mothers  remained  at  the  nest  and  died.  A  great  many  of  these 
deserted  eggs  were  gathered  and  placed  under  hens,  and,  I  believe, 
did  badly ;  but  very  many  keepers  left  them  alone,  and  wisely,  for 
the  weather  improved,  and  I  know  of  many  cases  where  the  birds 
returned  to  their  nests  and  successfully  hatched  off.  One  particular 
nest  on  this  estate  was  deserted  on  the  morning  of  June  19th.  It  was 
carefully  watclied,  and  the  eleven  eggs  were  stone  cold  for  4S  hours. 
Then  the  bird  returned,  and  on  the  25th  hatched  off  nine  eggs. — 
Jos.  F.  Orben,  Tavorham  Hall,  Norwich,  1-lth  September,  1903. 

Bird  Migration. — Mr.  W.  Eagle  Clarke,  so  well-known  for  his 
valuable  work  in  connection  with  the  study  of  the  migrations  of  birds, 
intends  this  autumn  to  spimd  a  considerable  time  on  the  Kentish 
Knock  Lightship  This  lightship  is  stationed  some  twenty-one  miles 
off  the  mouth  of  the  Thames,  and  Mr.  Clarke  hopes  to  mike 
observations  there  on  the  east  to  west  autumnal  movements  of  birds 
across  the  southern  part  of  the  North  Sea.  It  is  much  to  be  hoped 
that  Mr.  Clarke's  plucky  venture  will  meet  with  great  success,  and 
that  his  zeal  and  perseverance  will  be  rewarded  by  opportimities  of 
making  valuable  observations. 

Oreen  Sandpiper  in  Co.  Mayo,  Ireland  (Irish  Naturalist,  Sep- 
tember, 1903,  p.  218).— Mr.  Godfrey  Knox  records  that  he  shot  a 
(Ireen  Sandpiper  on  the  Yellow  River,  Foxford,  Co.  Mayo,  on  June 
.'iOth  last.  The  Green  Sandpiper  is  a  rare  autumn  and  winter  visitor 
to  Ireland,  and  has  not  previously  been  recorded  as  occurring  there 
in  sununer. 

British  Gret/  Ooose  (Zoologist,  July,  1903,  pp.  268-273).— Mr. 
H.  W.  Robinson  hero  expresses  his  opinion  tliat  there  is  but  one 
species  each  of  the  Pink-footed,  Bean,  and  White-fronted  Geese. 
He  thinks  "  that  the  variations  in  plumage  are  merely  due  to  age,  and 
perhaps  sex  may  also  have  something  to  do  with  it,  althougli  I  rather 
doubt  this  latter  statement."  In  the  Zoologist  for  August  (p.  315) 
Mr.  J.  A.  Harvie-Brown  confirms  Mr.  Robinson's  conclusions. 

On  the  Identifwation  of  some  of  the  Birds  mentioned  bg  AriMotle. 
By  T.  E.  Lones,  M.A.,  Lt.D.,  ii.sc.  (Zoologist,  July,  1903,  pp. 
211-253.) — In  tills  article  the  author  discusses  and  gives  his  conclusions 
as  to  the  identification  of  various  bii-ds  mentioned  by  Aristotle,  the 


identification  of  wh-ch  has  caused  much  controversy.  Mr.  Lones 
remarks  that  the  genera  and  species  of  about  ninety  of  Aristotle's 
birds  are  fairly  well  known,  and  of  the  remainder— about  eighty  in 
number — the  genera  only  of  about  forty  have  been  determined  with 
more  or  less  success. 

All  contributions  to  the  column,  either  in  the  way  of  notes 
or  photographs,  nhoul'  be  forwarded  to  Harry  F.  Witherby, 
at  the  Office  o/ Knowledge,  326,  High  Holborri,  London, 


l^otiers  of  Booits. 

"Theoky  of  Ouservatioxs.  "  15y  T.  X.  Thielo,  Director  of  the 
Copenhagen  Observatory.  (London  :  Charles  &  Edwin  Layton. 
190.3.) — Every  applied  science,  which  is  well  developed,  may  be 
divided  into  two  parts,  a  theoretical  (speculative  or  mathe- 
matical) part  and  an  empirical  or  observational  one.  Both  are 
absolutely  necessary,  and  the  growth  of  a  science  depends  very 
much  on  their  influencing  one  another  and  advancing  simul- 
taneously. No  lasting  divergence  or  subordination  of  one  to 
the  other  can  be  allowed.  The  theoretical  side  deals  with 
accurate  determinations  and  develops  the  form,  connections 
and  consequences  of  the  hypotheses.  These  hypotheses  must 
be  changed  as  soon  as  they  are  seen  to  be  at  variance  with 
observations.  The  empirical  side  of  the  science  procures  and 
arranges  the  observations,  compares  them  with  the  theoretical 
]iropositions,  and  is  entitled  by  means  of  them  to  reject,  if 
necessary,  the  hypotheses  of  the  theory.  But  it  is  in  itself 
grounded  on  hypotheses.  The  form  of  the  observations,  and 
the  choice  of  the  circumstances  that  are  considered  essential, 
must  be  guided  by  theory.  The  present  work  deals  with  the 
empirical  side  and  investigates,  not  observations  themselves,  nor 
the  way  in  which  they  should  be  made,  but  the  common  rules 
according  to  which  they  are  submitted  to  computation.  But 
the  first  chapter  on  the  "  Law  of  Causality "  will  well  repay 
study  by  those  who  deal  chiefly  with  the  theoretical  side.  In  it 
there  is  especially  matter  for  thought  for  the  ultra-speculative, 
for  the  metaphysicians  who  attempt  to  reason  back  to  origins 
and  out  to  limits.  Such  attempts  are  simply  blocked  by  such  a 
statement  as  the  following  : — "  In  order  that  an  observation 
may  be  free  from  every  other  assumption  or  hypothesis  than  the 
Law  of  Causality,  it  must  include  a  perfect  description  of  all 
the  circumstances  in  the  world,  at  least  at  the  instant  preceding 
that  at  which  the  phenomenon  is  observed."  Nor  can  the 
assertion  that  "  The  Law  of  Causality  cannot  be  proved,  but 
must  be  believed,  in  the  same  way  as  we  believe  the  funda- 
mental assumptions  of  religion,  with  which  it  is  closely  and 
intimately  associated,''  be  e.^actly  palatable  to  those — and  there 
are  many  such  pseudo-scientists — -who  make  it  their  boast  that 
they  cannot  accept  as  true  any  proposition  which  is  not  demon- 
strated or  demonstrable  to  the  intellect. 

"  Design  of  Dynamos."  By  S.  P.  Thompson.  (Spon.) 
Price  l'2s.  net. — This  excellent  work,  on  the  design  of  continuous 
current  generators,  is  well  worthy  of  a  place  beside  the  other 
well-known  works  of  the  same  author  on  the  electrical  engineer's 
bookshelf.  The  work  is  one  which  may  bo  regarded  as  supple- 
mentary to  the  author's  treatise  on  "  D3namo-electric 
Machinery,"  in  fact  it  bears  every  appearance  of  an  extension  of 
this  work,  and  we  shall  be  surprised  if  it  is  not  shortly  to  be 
found  incorporated  in  a  new  edition  of  the  latter.  In  his 
opening  chapter,  on  "  Dynamo  Design  as  an  Art,"  the  author 
very  properly  points  out,  in  the  very  first  sentences,  that  dynamo 
design,  while  depending  upon  certain  fundamental  .scientific 
principles  which  can  bo  definitely  laid  down  and  taught  with 
precision,  is  essentially  an  art,  and  as  such  only  to  be  acquired 
by  the  aid  of  practice  and  experience.  Profes.sor  Thompson 
expounds  these  scientific  principles  in  his  usual  lucid  style,  and 
in  addition  ho  gives  the  dynamo  designer  the  principal  data 
which  he  will  reciuire,  and  a  very  good  outline  of  the  general 
rules  which  have  been  gradually  evolved  from  the  accumulated 
experience  of  many  successful  designers  of  these  machines. 
After  this  most  necessary  preliminary  note  of  warning  to  the 
reader,  the  author  proceeds  to  the  consideration  of  magnetic 
data  and  calculations,  and  gives  various  useful  tables,  referring 
in  some  cases  to  specific  types,  for  the  description  of  which 
reference  must  bo  made  to  his  work  on  dynamo  electric 
machinery.     We  tliink  that  the  author  might  with  advantage 
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omit  altoi!ether  the  question  of  calculating  air-gap  areas,  as  for 
practical  pur]ioses  it  is  quite  sufficient  to  ascertain  the  average 
magnetic  density  over  the  pole-faces,  and  this  quantity  is  far 
more  easily  determined.  The  next  chapter,  on  "  copper  calcu- 
lations," as  well  as  the  following  one  on  "insulating  materials," 
is  extremely  good,  and  both  chapters  contain  valuable  data. 
We  may  note  that  on  page  ,5,3  the  sign  of  equality  is  omitted 
before  the  M  in  the  first  formula,  which  makes  it  unintelligible. 
This  opportunity  may  be  taken  of  pointing  out  how  very  few 
inaccuracies  are  to  be  found  in  the  volume,  especially  con- 
sidering that  it  is  a  first  edition.  Chapter  V.  deals  at  consider- 
,able  length  with  Armature  Winding  Schemes,  and  Chapter  VI. 
with  the  estimation  of  the  various  losses  ;  both  of  these  are 
excellent.  The  rules  for  dynamo  design  are  set  forth  in 
Chapter  VII.  They  should  offer  no  difficulty  to  the  reader 
with  practical  experience.  The  reader  without  such  experience 
will  be  reminded  from  time  to  time  of  the  necessity  of  the 
warning  given  in  the  opening  chapter.  For  example,  on  piige 
147  he  is  told  to  assume  a  suitable  value  for  the  Steinmetz 
CO  efficient.  Now  this  m,ay  vary  by  about  300  per  cent,  in 
different  types  of  machine,  and  the  reader  who  requires  it  will 
receive  a  salutary  warning  of  the  fact  that  his  progress  will 
necessarily  be  blocked  from  time  to  time  unless  he  can  fall 
back  upon  the  practical  experience  of  himself  or  others.  The 
concluding  chapter  contains  examples  of  dynamo  design, 
selected  from  the  most  recent  machines  of  leading  makers.  A 
series  of  useful  tables  and  schedules,  followed  by  a  very 
complete  index,  brings  the  work  to  a  conclusion. 

"Electrical  Engineering  Measuring  Instru.ments." 
By  G.  D.  Aspinall  Parr.  (Blackie  &  Son.)  Price  9s.  net.— This 
is  a  useful  volume  on  a  branch  of  electrical  engineering  which  has 
hithertobeen  comparatively  neglected  by  the  makers  of  text  books. 
The  author  very  sensibly  excludes  any  consideration  of  instru- 
ments which  are  merely  of  historical  interest,  and  confines  his 
attention  to  the  description  of  those  which  are  in  general  use  at 
the  present  time.  After  a  chapter  dealing  with  classification 
and  other  general  considerations,  Chapters  II.  to  V.  are  devoted 
to  the  description  of  the  various  commercial  types  of  ammeters, 
voltmeters  and  wattmeters.  Chapter  VII.  deals  with  Lord 
Kelvin's  standard  balances,  the  potentiometer,  and  a  few  other 
miscellaneous  instruments.  Chapter  VIII.  deals  with  electricity 
supply  meters,  and  the  work  concludes  with  an  excellent  index. 
The  volume  is  copiously  illustrated,  and  a  good  feature  is  that 
the  illustrations,  for  the  most  part,  really  explain  the  con- 
struction of  the  instruments,  only  a  comparatively  small 
percentage  being  of  the  only  too  common  trade  catalogue  type. 
"  A  Treatise  on  Zoology."  Edited  by  E.  R.  Lankester. 
Part  I.,  Introduction  and  Protozoa,  '2nd  fasc.  By  Messrs. 
Farmer,  Lister,  Minchiu  and  Hickson.  (London  :  A.  &  G. 
Black.  1903.)  Pp.  vii-t-45L  Illustrated. — Owing  apparently 
to  the  vast  amount  of  additional  matter  which  had  to  be  in- 
cluded as  the  result  of  recent  discoveries,  the  editor  has  found 
it  necessary  to  sub-divide  the  fiist  part  of  this  most  valuable 
work  into  two  sections,  of  which  the  second  is  now  before  us. 
And  before  going  further  we  may  candidly  say  that  it  is  an 
utter  impossibility  to  do  anything  approaching  justice  to  a 
volume  so  teeming  with  new  and  interesting  facts  within  the 
limits  of  space  possible  in  this  journal.  As  indicated  by  its 
title,  the  volume  is  devoted  entirely  to  the  lowest  forms  of 
animal  life.  It  opens  with  an  admirable  dissertation  by  Dr. 
Farmer  on  the  nature  of  the  organic  cell,  in  the  course  of  which 
it  is  shown  that,  although  this  constituent  of  organised  beings 
was  discoveied  so  long  ago  as  1665,  yet  that  it  was  not  till  a 
couple  of  centuries  later  that  its  prime  importance  was  recog- 
nised ;  attention  being  at  first  concentrated  on  the  cell-wall 
rather  than  on  the  cell-contents.  The  Foraminifera  fell  to  the 
lot  of  Mr.  J.  J.  Lister,  whose  name  is  a  sufficient  guarantee  as 
to  the  manner  in  which  they  are  described  ;  and  Dr.  Hickson's 
treatment  of  the  Infusoria  cannot  but  commend  itself  to  all 
those  interested  in  the.se  lowly  oiganisms. 

The  great  interest  of  the  volume  is,  however,  undoubtedly 
concentrated  in  Prof.  Minchin's  admirable  .account  of  the 
Sporozoa  (a  name  probably  unfamiliar  to  the  majority  of  our 
readers),  not  from  its  being  in  any  way  superior  to  the  other 
sections,  but  from  its  containing  such  a  large  portion  of 
entirely  new  matter.  His  account  of  the  connection  between 
malaria  and  mosquitoes,  and  of  the  malaria  parasite  (for  it  is  of 
these  and  other  parasitic  organisms  that  the  chapter  treats),  is, 


we  believe,  the  first  that  has  appeared  in  a  general  (we  cannot 
say  a  ])opular)  natural  history  in  this  country,  and  therefore 
gives  to  this  volume  a  very  special  interest.  Although  we 
cannot  attempt  any  survey  of  the  contents  of  this  chapter,  we 
may  direct  attention  to  one  or  two  of  the  most  marvellous  facts. 
A  malaria-breeding  mosquito  when  it  sucks  the  blood  of  an 
infected  human  being,  swallows  the  parasite  in  all  stages  of  its 
existence;  but  all  stages,  save  the  fertile  "  gametocytes,"  are 
unable  to  resist  the  .action  of  the  gastric  juices,  and  continue 
their  development.  Ou  the  other  hand,  if  the  biting  insect  be 
a  Culex  instead  of  an  Aimjihelcs,  all  stages  of  the  parasite  are 
digested.  But  Culex  is  the  intermediary  for  bird-malaria,  and 
when  an  infected  bird's  blood  is  sucked,  the  gametocytes  survive 
the  digestive  process  ;  the  Culex,  in  fact,  standing  in  the  same 
relation  to  the  bird  malarial  parasite  as  does  Aiiojilieles  to  that 
of  man.  It  may  be  added  that  there  is  an  idea  as  to  Auojiheles 
becoming  immune  to  the  malaria-parasite,  which,  if  well- 
founded,  may  be  the  possible  cause  of  the  extinction  of  malaria 
in  the  Fens. 

The  volume,  although  of  necessity  extremely  technical,  is 
teeming  with  interest,  and  fully  maintains  the  high  level  of  its 
predecessors  in  appearance  (although  not  in  serial  order) — and 
this  is  saying  a  very  great  deal. 

"The  Boiling  Lake  of  Dominica."  By  F.  Sterns-Fadelle, 
B.  es  sc.  (Dominica.) — If  the  writer's  science  is  a  little  out  of 
date,  and  his  language  occasionally  stilted,  he  has,  nevertheless, 
](roduced  a  popular  and  interesting  account  of  the  discovery 
and  appearance  of  the  extraordinary  boiling  lake  of  Dominica, 
a  phenomenon  which  remained  unknown,  even  to  the  inhabitants 
of  the  island,  until  so  late  as  March,  1875. 
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TIRERRILL   AND   DRUMAHAIR. 

By     GrBENVIl.LE     A.     J.     CoLE,     M.E.I. A.,     F.O.S. 

The  names  of  these  two  baronies  are  delightful,  however 
corrupt  they  may  be  in  their  present  form  and  spelling. 
Meeting  on  the  borders  of  Sligo  and  Leitrim,  Tirerrill  and 
Drumahair  occupy  a  country  that  is  purely  Irish,  purely 
western,  and  yet  is  among  the  neatest  and  most  attrac- 
tive. You  may  leave  Dublin  in  the  morning  and  be  in  the 
midst  of  it  long  before  uoon  ;  and  then  you  will  certainly 
desire  to  stay  there  and  explore  the  ridges  day  by  day. 
Lough  Gill  bounds  the  area  on  the  north  ;  and  beyond  rise 
the  great  scarps  of  limestone  that  shut  it  off  from  the  sea 
at  Donegal. 

There  is  something  fantastic  in  the  landsca])e  as  we 
alight  at  the  little  station  of  Collooney,  or  of  Ballysadare, 
on  the  main  line  to  Sligo.  A  band  of  singular  hills,  knob- 
like and  excrescent,  runs  into  the  south-west  and  is 
continued  north-eastward  as  far  as  Manorhamilton.  A 
fairly  level  lowland  divides  them  from  the  sea,  but  from 
this  rises  the  huge  outlier  of  Knocknarea,  crowned  by  its 
cairn,  its  sides  almost  vertical  beneath  a  grassy  dome. 
Not  far  east  of  it  is  Sligo,  set  more  beautifully,  perhaps, 
than  any  city  in  our  islands,  but  showing  little  of  its 
individuality  from  the  level  of  the  railway.  There  are 
some  places  that  should  bo  approached  vnth  deliberation  ; 
and  Sligo  certainly  cannot  be  realised,  unless  one  comes 
over  the  last  hill  from  Ballysadare  and  looks  across  the  roof- 
tops to  Benbulbeu  and  the  broken  cliff-wall  of  Glencar. 
Away  on  the  left  a  blue  sea  stretches,  and,  after  a  little 
time,  we  grasp  the  fact  that  those  cloud-like  masses  beyond 
it,  twenty-five  miles  away,  are  the  highlands  of  Donegal. 

Cities,  however,  are  not  to  the  puipose  in  the  present 
article.  We  may  go  east  at  once  into  Tirerrill.  One  of 
the  odd  and  rocky  bosses  faces  us  as  we  climb  from 
Ballysadare  ;  it  is  clothed  below  with  woods  of  larch  and 
fir,  and  shows  on  its  higher  slopes  bare  rounded  surfaces 
of  white  or  warm  pink-brown.  We  touch  the  same  rock 
beside  the  roadway  in  Gleunagoolagh,  above  Ballydawley 
Lough,  where  we  look  south  from  the  ridge  into  a  more 
fertile  lowland,  liarked  by  high  Carboniferous  masses  in 
the  region  of  Lough  Arrow.  Our  ridge,  in  fact,  is  formed 
of  granitoid  rock,  running  across  a  Carboniferous  country. 
North-west  of  it,  the  limestone  type  prevails,  giving  us 
scarps  and  precipices  worthy  of  the  boldest  parts  of 
Yorkshire ;  south-east  of  it  the  beds  dip  under  the  higher 
series  of  shales  and  sandstones,  which  even  bear  coal,  on 
heights  of  thirteen  hundred  feet  and  upwards,  in  the 
cloud-swept  country  round  Lough  Allen. 

The  granite  nowhere  cuts  the  Carboniferous  strata.  On 
the  contrary,  these  abut  against  it  without  a  sign  of 
alteration,  or  along  a  faulted  junction  that  masks  their 
true  relations.  We  have  here  to  deal  with  a  portion  of 
that  older  Ireland  which  formed  a  floor  for  the  Car- 
boniferous sea ;  our  ridge  was  at  one  time  a  long 
promontory  or  island,  until  it  became  entirely  submerged. 
By  its  powers  of  resistance,  it  has  again  asserted  itself 
during  the  prolonged  denudation  of  the  country  ;  while  in 
places  the  stratified  rocks  have  slipped  down  fault-planes 
from  its  flanks,  and  have  given  it  thus  a  greater  prominence 
in  the  landscape. 

We  may  c;ill  the  rock  of  this  old  axis  a  granit«,  but  it 
varies  considerably  from  point  to  point.  On  the  charming 
wooded  slope  above  Ballydawley  Lough,  it  shows  strong 
bands  fonned  of  lighter  and  darker  grou]is  of  minerals  ; 
it  is,  in  lact,  a  banded  gneiss.  Black  mica  gleams  in 
aliuiidaiic(!  along  out!  layer,  accompauied  by  green  j)yro.\ene 
anil  beautiful  clear  brown  garnets ;  (juartz  and  various 
felspars  form  another  layer  ;  while  here  and  there  a  great 
vein  of  quartz  runs  up  along  the  genei'al  banding.     In 


some  places  a  patchy  appearance  presents  itself :  and  soon 
we  find  whole  lumps  of  foreign  rock  embedded  in  the 
granitoid  gneiss.  These  are  dark  green  and  rich  in  horn- 
blende ;  they  weather  away  more  rapidly  than  their  sur- 
roundings, and  thus  come  to  lie  in  hollows  of  the  gneiss, 
while  the  banding  of  the  gneiss  itseK  runs  round  them,  and 
is  emphasised  where  they  happen  to  be  most  abundant. 

These  dark  inclusions  were  first  noticed  by  Mr.  Hardman, 
and  are  well  described,  though  not  explained,  in  the 
memoir  of  the  Irish  Geological  Survey  on  the  district. 
Their  interest  lies  in  the  fact  that  they  must  be  older  than 
the  rock  in  which  they  are  embedded.  From  our  modern 
standpoint,  we  may  agree  that  the  gneiss  is  an  old  igneous 
mass,  that  penetrated  some  arch  in  the  earth's  crust  in 
pre-Carbouiferous  times.  In  the  lumps  of  hornblendic 
rock,  technically  called  compact  diorites  and  amphibolites, 
we  have  a  relic  of  the  rocks  forming  the  arch,  I'ocks  much 
older  than  the  granite  which  was  forced  among  them. 

This  slope  in  Gleunagoolagh  gives  us,  then,  one  of 
those  visions  into  the  inner  workings  of  the  crust  which 
charm  us  by  their  very  incongruity.  Back  and  l).ick  our 
thoughts  may  lead  us,  till  we  see  the  molten  mass,  hea^dng 
with  its  imprisoned  water,  and  its  components  that  would 
be  gases  if  they  could,  oozing  against  the  rocks  that  bound 
it,  and  constantly  enlarging  its  borders  by  melting  off 
fragments  from  the  walls.  Study  of  other  districts  shows 
that  amphibolites  and  pyroxenites,  rocks  rich  in  minerals 
of  the  hornblende-augite  group,  can  develop  from  a 
number  of  materials,  when  these  are  attacked  by  a  granite 
magma  ;  the  altered  and  crystallising  masses  are,  more- 
over, likely,  under  the  same  influences,  to  give  rise  to  a 
pi'of  usion  of  garnet.  Hence  our  inclusions  of  amphibolite, 
which  we  shall  meet  in  greater  variety  as  we  go  eastward, 
may  represent  a  whole  series  of  pre-existing  rocks,  manv 
of  them  originally  igneous,  some  of  them  argillaceous,  and 
some  calcareous,  like  the  blocks  of  intensely  metamorphosed 
limestone  found  in  the  ancient  crater  of  Vesuvius. 

What,  then,  is  the  banding  of  the  gneiss  but  a  record 
of  the  flow  of  the  viscid  granite  magma  ?  The  pressure 
under  which  it  flowed  helped  to  arrange  each  constituent 
as  it  was  formed,  and  perhaps  even  distorted  and  broke 
some  crystals  that  had  consolidated  in  a  resting  stage,  and 
then  were  moved  again.  The  structure  in  the  ridge  is 
essentially  that  of  a  mass  forced  onward  even  while  it 
cooled ;  and  the  included  blocks  are  often  dragged  out, 
until  their  longer  axes  lie  along  the  planes  of  flow. 

More  than  this,  we  soon  become  aware  that  the  stronglv 
banded  and  darkened  gneiss  of  Gleunagoolagh  is  by  no 
means  typical  of  the  ridge.  The  true  rock  appears  to  be 
a  pale  fine-grained  granite,  consisting  of  quartz  and 
felspar,  with  a  trace  of  mica  here  and  there.  It  is  this 
that  provides  the  beautiful  white  slabs  which  shine  high 
up  on  Slieve  Daeane  amid  the  heather.  But,  wherever 
dark  inclusions  of  foreign  matter  occur,  the  rock  also 
becomes  full  of  black  mica  and  other  dusky  minerals, 
while  even  its  lighter  layers  are  found  to  contain  brilliant 
little  garnets.  The  microscope  helps  us  to  trace  these 
garnets  to  the  included  blocks,  and  we  soon  see  how  the 
invading  rock  has  l)ecome  enriched  at  the  expense  of 
earlier  masses. 

Specimens  can  be  found,  measuring  some  two  feet  in 
each  direction,  which  would  serve  as  museum  records  of 
these  subtle  processes  of  admixture ;  but  it  is  the  broad 
survey,  and  the  actual  tramp  across  the  hills,  that  force  the 
conclusions  on  us,  when  we  come  to  compaiv  observations 
made  many  miles  apart.  And  the  story  of  the  towulands 
along  Lough  Gill  is  found  to  be  that  of  the  whole  of 
Donegal,  and  doubtless  of  many  other  parts  of  western 
Ireland — the  story  of  the  invasion  of  an  ancient  and 
already  altered  sedimentary  series,  containing   sheets  of 
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basic  igneous  rock,  by  a  siogiilarly  pure  granite  magma, 
which  became  locally  modified  in  its  ascent. 

We  know  of  no  rocks  in  Ireland  older  than  the  invaded 
series  ;  but  clearly  they  were  laid  down  under  ordinary 
conditions  along  a  shore.  We  have  nothing  left  of  them 
in  Tirerrlll  and  Drumahair  except  the  fragments  in  the 
gneiss ;  but  farther  north  or  south  their  bedded  nature  is 
immistakable.  One  of  the  critical  areas  is  that  above 
Lough  Nafooey,  in  the  County  of  Galway,  where  Upper 
Silurian  (Gotlandian)  conglomerates  contain  fragments  of 
the  old  series,  and  of  a  granite  also.  The  granite  of 
southern  Galway  has  not  penetrated  these  Gotlandian  beds, 
though  it  has  highly  altered  the  underlying  series  of 
quartzites,  schists,  and  limestones.  In  other  parts  of 
Ireland  a  granite  of  similar  type  has  come  up  along  the 
axes  of  Caledonian  folding,  that  is.  in  earliest  Devonian 
times,  and  has  baked  and  altered  the  Silurian  rocks. 
Since  our  ridge  in  Sligo  and  Leitrim,  continuing  the  axis 
of  the  Ox  Mountains,  runs  parallel  with  the  Caledonian 
folds,  we  are  left  with  an  open  mind  as  to  whether  the 
granite  is  a  very  old  one  remoulded  by  the  Caledonian 
movements,  or  an  early  Devonian  one,  contemporary  with 
the  Leinster  Chain.* 

The  road  from  Ballydawley  Lough  mounts  along  the 
south  side  of  the  ridge,  and  the  Carboniferous  rocks  are 
exposed  on  our  right  in  little  cliffs  and  quarries.  Castle 
Dargan  stands  characteristically  on  a  sheer  rock  above  a 
lake,  one  of  the  strongholds  which,  in  this  remote  district, 
have  an  Irish  rather  than  an  Anglo-Norman  history. 
Over  there  in  the  south,  in  the  passage  of  the  hills  beyond 
Keishcorran,  the  army  of  the  elder  Essex  went  down  before 
the  organised  clansmen  ;  away  east  at  Enuiskillen  there  is 
still  a  certain  cleavage  between  the  older  races  and  the 
newer  settlers,  who  bravely  defended  what  they  won. 
On  the  north,  again,  is  that  delightful  folk  in  Donegal, 
still  speaking  Gaelic,  a  language  probably  forced  upon 
them  by  some  far-off  Celtic  overlord.  There  is  no  body  of 
men  who  can  be  presumed  to  be  primordial  in  any  territory, 
and  least  of  all  in  Tirerrill  and  Drumahair,  "where  the 
surge  of  battle  has  swept,  ever  since  the  stone-age,  across 
the  highland-border  from  the  plain.  Whose  are  these 
long  stone  graves  upon  the  summits,  mined  and  lichened 
over  before  the  days  of  O'Donnells  and  O'Rourkes?  Irish 
or  pre-Irish,  they  did  their  best  to  leave  a  memory,  and 
were  buried  where  they  looked  down  southward  from  the 
hills  they  called  their  own. 

And  we  now  climb  up  past  them,  past  the  clean  white 
cottages,  with  their  little  flower-gardens,  set  amid  bosses 
of  bare  rock,  till  we  come  to  the  townlaud  of  Correagh, 
where  we  pass  from  Sligo  into  Leitriui.  A  green  hollow 
stretches  down  towards  Lough  Gill,  like  a  trench  cut  across 
the  ridge ;  in  old  times  the  upper  part  of  it  was  occupied 
by  a  lake,  the  alluvial  clay  of  which  forms  meadow-laud 
between  the  rocks.  Lower  down,  we  see  that  the  whole 
valley  depends  on  the  presence  of  a  great  dyke  of  serpen- 
tine, which  has  -neathered  away,  leaving  in  places  a  vertical 
wall  of  gneiss  upon  its  flank.  The  outlet  of  this  valley 
ujion  the  wooded  margin  of  Lough  Gill  is  one  of  the 
surprises  of  a  land  where  discoveries  seem  waiting  to 
be  made.  Perhaps  you  may  find,  on  some  clear  sprinc 
morning,  the  blue  water  lapping  in  simlight  round  the 
islands,  and  the  grey  crags  to  northward  ledged  with 
newly-fallen  snow. 

The  gneissic  banding  of  the  ridge  is  magnificently  shown 
on  the  smooth  glaciated  surfaces,  as  we  continue  along  the 
upland  road  to  Crossboy  School.  All  through  this  region 
we  find  pyroxenites  with  garnet  included  in  and  modifying 
the   igneous   invader.     Then   we    pass   on   to    the   grass 

•  See  "  The  Backbone  of  LeinBt«r,"  KyowLEDOE,  December,  1902. 


land  of  the  Carboniferous  Limestone,  the  high  masses, 
with  scarps  and  tables,  and  cliff-set  dales  like  those  of 
Derbyshire,  forming  a  broken  background  beyond  the 
village  of  Drumahair.  Neglecting  the  easier  route  up 
the  Bonet  River,  we  gain  the  finest  contrasts  of  the 
country  on  the  old  road  over  the  shoulder  of  Benbo. 
Lough  Gill  with  its  islands  stretches  from  our  feet  to 
Sligo  city ;  the  great  dome  of  Knocknarea  stands  like  a 
fort  against  the  white  gleam  of  the  Atlantic,  and  the 
woodland  climbs  towards  us  from  the  hollows,  breaks  into 
a  few  stunted  fir  trees,  and  vanishes  altogether  on  the 
grey-green  limestone  highland. 

The  constant  washing  of  these  upper  slopes  has  produced 
at  one  point  a  singular  brown  "  coral  soil."  The  limestone 
has  been  dissolved  away,  leaving  a  mass  of  coral  branches, 
and  a  few  encrinite  stems,  as  a  residue.  The  fossils  stand 
out  also  on  the  exposed  surfaces  of  the  rock  ;  while  above 
rises  the  heather-clad  slope  of  Benbo,  part  of  the  gneissic 
axis  against  which  the  limestone  rests.  On  the  bold 
descent  to  Manorhamilton,  our  interest  again  passes  to  the 
gneiss,  and  the  phenomenon  of  the  inclusion  of  blocks  of 
amphibolite  is  well  seen  along  the  streams.  From  this 
point  we  may  turn  back  to  Sligo  through  Glencar ;  or 
make  for  the  Donegal  border  across  the  fine  passage  of 
Glenade ;  or  go  east  to  the  lake-country  of  Enuiskillen, 
seeing  on  the  way  those  two  Loughs  Macnean,  which  here 
are  taken  for  granted,  but  which  would  be  the  fortune  of 
any  English  county.  Close  to  us  now,  the  Shannon  rises,  ^ 
imder  the  sandstone  scar  of  Cuilcagh,  and  its  long  course, 
through  chains  of  lakes,  fitly  divides  this  wilder  Ireland 
from  the  east. 


ConchicUd  by  M.  I.  Ceoss. 

NUMERICAL  APERTURE  AND  RAPIDITY. 
By  A.  E.  CONR.VDY,  f.b.a.s.,  f.r.m.s. 
The  ■'  numerical  aperture''  by  which  microscope  objectives  are 
usually  characterized,  and  the  '■  rapidity  "  which  is  marked  on 
ordinary  photographic  objectives,  obviously  have  some  relation 
to  each  other,  for  both  increase  with  the  diameter  of  a  lens. 
The  precise  nature  of  this  relation  is,  however,  not  generally 
known  ;  the  consequence  being  that  the  microscopist  who  uses 
a  rapid  photographic  lens  for  low-power  work  wonders  in  vain 
what  "  numerical  aperture  "  the  instrument  possesses,  and  what 
resolving  power  he  may  reasonably  expect  from  it,  whilst  the 
photographer  who  takes  to  photomicrography  is  similarly  left 
in  the  dark  as  to  the  "rapidity  "  of  his  complicated  apparatus, 
although  that  knowledge  would  be  most  useful  to  him  in 
determining  the  time  of  exposure  required.  The  following 
explanation  should  therefore  be  acceptable  : 

As  the  rapidity  of  photographic  lenses  is  usually  expressed 
by /-ratios,  such  as  /8  or  ;'  IG,  we  will  set  our  formula  to  give 
these  ratios,  their  meaning  being  that  the  marginal  rays  from 
the  lens  converge  at  the  nite  of  1  in  8  or  16,  or  whatever  the 
/"-value  may  be,  or  at  the  same  rate  as  those  from  a  simple  thin 
lens  of  1  inch  diameter  and  8  or  16  inches  focus.  Mathematically 
the  /"-value  is  therefore  determined  as  the  number  of  times  the 
diameter  of  the  cone  of  rays,  taken  at  any  point,  is  contained  in 
the  distance  from  that  point  to  the  apex  of  the  cone. 

We  will  now  consider  a  micro3CO])e  with  au  objective  of 
known  numerical  ajierture,  nji.,  and  arranged  to  give  a  known 
magnification  X  m.  The  task  set  us  is  to  find  the  convergence 
of  the  marginal  rays  on  leaving  the  instrument. 

Let  the  marginal  ray  from  the  object  to  the  lens  form  an 
angle  a  with  the  optical  axis  ;   and  let  the  same  ray,  on  leaving 


October,  1903.] 


KNOWLEDGE. 


237 


the  instrument,  form  an  angle  B  with  the  optical  axis.     Then 
we  have,  according  to  Abbe's  sine-condition, 
sine  oL 

-■ — „  ^---  III. 
sine  3 

But,  according  to   Abbe's   definitioD,  sine  a  is   equal   to   ii.a., 

therefore 


or,  transposed, 


sin.   0 


sin.  0  = : 


Bearing  in  mind  that  the  pencils  leaving  the  microscope  are 
always  very  slender  ones,  and  p,  therefore,  so  small  an  angle 
that  its  sine  and  tangent  may  be  considered  as  equal  to  each 
other,  we  can  say 

Radms  of  cone  of  rays 
Distance  to  apex. 
We  had  previously  defined  the  /-value  as  the  ratio 

Distance  to  apex     

Diameter  of  cone  of  rays 
A  comparison  of  these  two  ratios  gives  us  at  once 

I.     f- value  =^  -. — -■ = =  ,-T—3 

J.  sin.  3  n.a.        2  X  n.a. 

or,  in  words —  ;;( 

The  f-ralue  is  found  hy  dividing  the  total  iiiaijnification  by 
tirice  the  n.ii. 

We  soon  see  that  the  rapidity  is  generally  exceedingly  small, 
for,  taking  a  typical  example,  say,  ti.a.  7,  magnification  350,  we 
get  .     ,  \iM  350 

/-value  ^--  2^^f^=  ^.4  -^  2o0  ; 

or,  in  photographic  language,  the  microscope  in  this  case  works 
at  //250. 

Of  coui'se,  this  low  rapidity  is  the  cause  of  the  long  exposures 
required,  and  of  the  difficulty  experienced  in  focussing  the  image 
on  ground  glass. 

In  the  above  argument  we  have  shunned  the  question  as  to 
what  trigonometrical  function  is  involved  in  this  question  of 
rapidity,  but  if  we  stipulate  that  the  /-values  shall  be  such  that 
their  squares  are  inversely  proportional  to  the  intensity  of  the 

illumination,    the    general   formula   used   above,      .        ^  ^^  '«, 

sine  P 

decides  the  question,  for  as  all  the  light  which  the  object  sends 

into  the  objective  is  reunited  in  the  image,  but  spreads  over  an 

area  of  »j-times  the  diameter,  the  intensity  of  illumination  of 

the    image    is  — ^  that  of  the  object,  or  the  /-value  or  the  side 

of  the  image  should  be  m-limes  that  on  the  side  of  the  object 
to   co.iform   to  the   desired    proportionality,   or   in   the   same 

proportion  as  -  _•  Hence  the  /-value  is  or  should  be  the 
'      *^  sine  0  •' 

reciprocal  of  twice  the  sine  of  the  angle  of  convergence,  and  our 
formula  may  be  used  for  any  convergence,  although  originally 
derived  for  small  angles.  It  follows  that  the  /value  of  a 
microscope-lens  on  the  side  of  the  object,  or  as  used  for  micro- 
photography,  is  correctly  found  by  our  formula  =  j, 

This  formula  shows  that,  from  this  point  of  view,  microscope- 
lenses  are  exceedingly  rapid,  for  a  low-power  lens  of  n.a.  -'ib 
has  a  rapidity  of  //2,  equal  to  the  fastest  portrait  lenses.  It 
also  shows  that  a  dry  lens  {i.e.,  7i.a.  not  more  than  1)  cannot 
possibly  be  faster  than  /'/•5. 

We  will  finally  consider  the  photographic  lens  used  for 
microscopical  purposes  and  determine  its  n.n.  from  the  known 
/-value.  The  latter  is  always  stated  for  the  principal  focus, 
whilst  we  are  going  to  use  the  lens  at  longer  conjugates.  If  we 
assume  that  the  lens  behaves  like  a  thin  lens  of  the  same 
e(£uivalent  focus,  the /-values  will  change  proportionately  to  the 
conjugates.    For  magnification  X  m  these  latter  are  respectively 

The  resulting  numerical  aperture    is, 

1  m 

m  +  1 


{m+  l)/'and  '""ti/-- 
.       .  "' 

therefore, 

II.  )i.a.^= 


-/-value 


2  X  (to  +  1)  X/-value 


fication  by  the  product  of   twice  the  /-value  and  one  plus  the 
magnification. 

Thus  a  lens  working  at  /;6  and  magnifying,  say,  four  times 
has  a  numerical  aperture 

4  4         1 

= 1 '  ?-    -  ,^    -  -067. 

■>   X   .)   X   1,  t)IJ  1.0 

The  formulae  I.  and  11.  solve  the  problems  defined  in  the 
introduction  to  this  article  in  every  possible  case  ;  they  can 
even  be  used  in  the  case  of  immersion-objectives,  for  the  above 
deductions  apply  to  these  lenses  if  we  substitute  n.  sine  a  for 
sine  a,  n  being  the  refractive  index  of  the  immersion-fluid. 


or,  in  words — 

The   numerical   aperture   of  a    photographic   lens   used   for 
photomicrographical  purposes  is  found  by  dividing  the  magui- 


THE    COLLECTION,    EXAMINATION,    AND    PRESER- 
VATION   OF    MITES    FOUND    IN    FRESH 
WATER   {IlydrachnidcB). 
By    Ch.\s.    D.    Soar,    f.r.m.s. 
{Continued  from  yage  212.) 

On  reaching  home  the  contents  of  the  bottle  should  be  emptied 
into  a  porcelain  dish  such  as  photographers  use,  when  it  will  be 
noticed  that  the  mites  generally  swim  in  the  corners  or  along 
the  sides,  and  can  then  be  removed  with  a  pipette  to  a  large 
tube  filled  with  clean  water  in  which  some  AimchtiriK  is  placed. 
This  latter  will  keep  the  water  clean  and  fresh  for  a  considerable 
time. 

Experience  will  dictate  which  species  can  safely  be  kept 
together,  a  matter  in  which  some  discrimination  is  required, 
because  some  varieties  prey  on  others,  such,  for  instance,  as 
Limnenia  on  Eulais. 

Undoubtedly  the  best  plan  is  to  proceed  with  the  examination 
at  once,  because  a  great  part  of  the  brdliancy  of  colouring  is 
lost  in  a  short  time,  and  the  mites  are  much  more  lively  when 
freshly  caught  than  subsequently.  I  have,  however,  kept  mites 
alive  in  a  tube  4  in.  by  1  in.  by  adding  fresh  water  to  rejdace 
that  evaporated,  for  a  period  of  twelve  months. 

The  best  method  of  examination  is  to  place  the  mite  on  a 
3  in.  by  1  in.  glass  .slip,  turning  the  specimen  on  the  ventral  or 
dorsal  side  as  may  be  re(iuired,  and  having  every  part  extended. 
A  cover-glass  is  then  laid  over  the  specimen,  and  sufficient  clean 
water  is  allowed  to  flow  between  the  cover-glass  and  the  slip  to 
fill  the  intervening  space.  The  specimen  may  move  its  limbs 
and  palpi  for  a  short  time,  but  it  soon  becomes  quite  passive, 
the  weight  of  the  cover-glass  being  tufticient  to  retain  the  body 
of  the  mite  in  position.  The  slip  is  then  laid  on  a  piece  of 
white  card  on  the  stage  of  the  microscope,  and  illuminated  by 
reflected  light;  a  U  in.  objective  will  usually  be  found  the 
most  suitable. 

The  advantage  of  this  arrangement  is  that  the  specimen  can 
be  reversed,  and  both  sides  examined,  and  by  having  an  aperture 
in  the  cardboard,  a  further  examination  may  be  made  by  trans- 
mitted light.  In  this  latter  condition  the  hairs  and  claws  can 
be  seen  very  distinctly,  particularly  if  the  light  be  thrown  a 
little  obliquely.  After  examination  the  specimens  can  be 
returned  to  the  tube,  and  are  u>ually  none  the  worse. 

To  preserve  the  specimens  they  should  be  placed  in  the 
following  solution  : — 

10  parts  glycerine 
10      „      distilled  water 
3      „      citric  acid 
3      ,,      pure  spirit. 

They  can  be  placed  in  the  s-olution  alive,  and  although  at  first 
the  limbs  will  be  contracted,  they  subsequently  retract.  It 
also  preserves  the  colours  of  hard-skinned  mites  fairly  well. 

If  at  any  time  it  is  desired  to  make  a  mounted  preparation  of 
any  mites  preserved  in  this  way,  ihey  can  be  transferred  to 
cells  containing  the  same  solution.  If  required  for  balsam 
mounts,  the  ghceriue  can  be  removed  by  repeated  soaking  in 
absolute  alcohol,  subsequently  passing  them  tlirough  clove  oil. 

It  will  be  found  that  balsam-mounted  specimens  will  have  a 
tendency  to  vaporize  ;  this  can  be  obviated  bj-  making  a  small 
hole  in  the  body  of  the  mite  in  a  position  which  is  of  no  con- 
sequence, and  thus  allow  the  balsam  to  penetrate.  1  think  the 
soft-skinned  mites  mount  best  in  glycerine  solution  ;  I  do  not 
mount  in  this  medium  myself,  but  have  some  beautiful 
preparations  by  Mr.  Taverner,  ia  which  the  construction  is 
shown  to  the  best  advantage.  They  have  been  in  my  possession 
for  some  time,  and  show  no  signs  of  deterioration. 
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Should  any  readers  take  up  the  study  of  these  beautiful 
creatures,  dates  of  collecting,  localities  where  discovered,  and 
particulars  of  anything  they  may  have  observed  new  in  the  life- 
history,  particularly  varieties  of  colouring,  should  be  carefully 
kept,  together  with,  if  possible,  drawings.  There  is  one  mite, 
Fiona  riii'd  Korli,  which  has  been  found  in  England  in  three 
distinct  bright  and  beautiful  colours,  viz.,  red,  green  and  brown. 

The  two  best  text  books  on  fresh -water  mites  are  in  German 
— "  Deutschlands  Hydrachniden,"  by  Dr.  R.  Piersig,  rather  an 
expensive  work,  with  about  .'iDO  pages  of  letterpress  and  51 
plates  ;  and  a  number  of  "  Das  Tierreich  "  on  the  IlydrachnidcF, 
by  Dr  R.  Piersig,  Berlin,  IHOl.  This  contains  the  account  of 
every  known  species  up  to  date  of  publication. 


Lectuhks  and  Demonstrations  in  Microscopy. — One  of 
the  rules  of  the  Manchester  Microscopical  Society  states  that — ■ 
"  The  objects  of  the  section  (Extension  Section)  shall  be  the 
extension  of  the  knowledge  of  Microscopy  and  Natural  History 
to  outside  associations  by  means  of  lectures  and  demonstrations." 

In  pursuance  of  the  objects  set  forth,  this  Society  has  pre- 
pared a  list  of  fifty-four  lectures  and  demonstrations  of  various 
microscopical  subjects,  some  of  which  are  illustrated  by  diagrams, 
others  by  magic  lantern,  the  microscope,  or  by  actual  specimens, 
while  in  some  instances  two  or  more  of  these  are  combined. 

The  work  of  lecturing  and  demonstrating  is  entirely  gratuitous 
on  the  part  of  the  members,  the  only  charge  made  being  for  the 
hire  of  slides,  travelling  and  out-of-pocket  expenses,  and  in 
gome  cases  an  additional  small  fee  for  the  lecture.  This  is 
specially  intended  to  present  scientific  knowledge  in  a  jiopular 
form  before  societies  which  are  unable  to  pay  large  fees  to 
professional  lecturers. 

This  is  a  step  which  it  is  hoped  will  meet  with  great  appre- 
ciation, for  it  is  undoubtedly  in  the  right  direction,  and  should 
increase  the  popularity  of  the  microscope. 

Full  particulars  may  be  obtained  from  Mr.  Abel  P.  Bradshaw, 
3,  Clifton  Street,  Hulme  Hall  Lane,  Miles  Platting. 

Practical  Scheme. — Through  the  kindness  of  a  naval  officer 
in  China,  I  am  able  to  offer  for  distribution  some  spines  of 
EchinuK. 

The  following  is  the  manner  in  which  he  suggests  they  should 
be  ground  and  mounted  :  Slice  the  spine  as  finely  as  possible 
with  a  fret-saw,  dressing  the  cut  end  after  each  slice  with  a  file  ; 
cement  a  number  of  slices  to  a  slip  by  their  smoothed  sides, 
with  balsam,  in  the  usual  way.  Rough  them  down  with  a 
smooth  file  and  a  light  hand,  polish  on  a  stone  with  water,  turn 
and  finish  on  the  other  side  with  the  stone,  select  the  best 
specimens,  and  mount  in  balsam. 

I  shall  be  happy  to  send  some  of  these  spines  to  any  readers 
who  will  send  a  stamped  addressed  envelope,  together  with  the 
coupon  which  appears  in  the  advertisement  pages  of  this  issue. 


NOTES   AND   QUERIES. 

A.R. — You  will  get  your  unmounted  microscopic  objects 
from  Mr.  R.  G.  Mason,  of  tVJ,  Clapham  Park  Road,  S.W.  He 
has  a  large  variety  put  up  in  packets,  with  full  directions  for 
preparing. 

C.  Moaliin. — It  would  appear  that  a  mistake  was  made  in  your 
lamp  in  the  size  of  .slip.  It  is  not  unusual  for  lamp  chimneys 
to  be  provided  with  apertures  of  different  sizes  and  shapes,  so 
that  light  may  be  only  emitted  from  one  definite  spot,  and  the 
room  kept  otherwise  dark.  You  will  probably  have  noticed  in 
the  July  number  of  this  journal  that  Mr.  Rousselet  offers 
suggestions  as  to  the  selection  of  objectives  for  Pond-Life, 
which  exactly  accord  with  your  ideas. 

C.  J.  S. — The  only  way  to  remove  picric  acid  is  to  wash  in 
repeated  changes  of  methylated  spirit ;  the  specimens  must  not 
go  into  water  at  all,  and  the  staining  should  be  carried  out  in 
alcoholic  solutions.  Chromic  and  osmio  acid  solution  sections 
wash  well  in  water,  they  should  then  be  placed  in  a  10  per  cent, 
solution  of  bicarbonate  of  ^oda  for  about  an  hour,  wash  in  water 
thoroughly  to  remove  all  trace  of  soda,  then  place  in  methylated 
spirit,  which  should  be  changed  every  day  until  water  is 
removed.     Three  changes  are  usually  required. 

Communications  and  enquiries  on  Microscopical  matters  are 
cordially  invited,  and  should  be  addressed  to  M.  I.  Cross, 
Knowledge  Office,  326,  High  Holborn,  W.C. 


NOTES   ON   COMETS   AND   METEORS. 

By  W.  F.  Denning,  f.b.a.s. 

Brooks's  Pkhiodical  Comet  (1889  V.— 1890  VI.).— This  comet 
was  first  discovered  on  July  6,  1889,  and  kept  well  under  obBervation 
during  tlie  ensuing  summer  and  autumn.  At  the  end  of  the  month 
named  it  appears  to  have  broken  up  into  several  distinct  portions,  for 
it  was  thus  observed  at  the  opening  of  August.  A  period  of  7'07  years 
was  found  for  the  time  of  revolution,  and  it  duly  returned  in  ISyfi,  on 
which  occasion  it  was  first  scon  by  M.  JaveUc,  of  the  Nice  Observatory, 
on  June  20,  and  tlie  comet  passed  its  perihelion  on  November  4. 
From  the  observations  obtained,  Herr  Bauschinger  redetermined  the 
period  as  2592"i37  days,  or  7'096  years.  For  the  present  return  Mr. 
F.  E.  Seagrave  has  computed  an  ephemeris,  and  finds  that  while  the 
comet  made  its  nearest  approacli  to  the  earth  at  the  middle  of  August, 
the  perihelion  will  not  occur  until  December  1 1.  Prof.  Aitken,  of  the 
Lick  Observatory,  redetccted  the  comet  on  August  18,  and  found  it  in 
a  position  closely  according  with  the  ephemeris  place.  It  is  a  faint 
object,  moving  slowly  eastwards  low  in  the  southern  sky.  The 
following  is  an  eplieuieris  for  Washington,  midnight : — 

Distance  iu 
R.A.  Dec.  Millions  of 

Date.  H.       M.      8.  °         ,  Miles. 

October     4         ...         20     45     39  -24     32  129 

„         8         ...         20     48     37  -24       0  131 

12         ...         20     52       4  -23     26  133 

„       16         ...         20     55     59  -22     51  136 

„       20         ...         21       0     18  -22     14  139 

„       24         ...         21       5       2  -21     35  143 

„       28  ...  21     10       9  -20     54  147 

ArorsT  Meteors. — The  moon  was  full  on  Augusts,  and  interfered 
in  no  small  degree  with  observations  of  the  I'erseid  shower.  The 
unfavourable  weather  of  a  very  ungenial  season  added  to  the 
dilficulties,  and  thus  comparatively  few  meteors  were  observed.  The 
niglit  of  August  10  was,  however,  clear  at  Bristol,  and  the  Perseids 
returned,  though  by  no  means  abundantly,  shooting  from  the  usu  al 
radiant  about  2"  N.N.E.  of  "n  Persei  The  maximum  evidently 
occurred  on  the  night  of  August  12,  Perseids  being  very  plentiful, 
and  falling  from  a  radiant  very  sharply  defined  at  46"  I-  58".  On  the 
latter  night,  Prof.  Hersehel,  at  Slough,  saw  about  25  meteors  during 
a  three  hours'  watch,  and  found  the  chief  radiants  at  41° -f  58"  and 
49" -1-6 1",  with  indications  of  others  in  Camelopardus,  while  only  two 
meteors  belonged  to  the  minor  showers  of  the  epoch. 

Ddbation  of  the  Perseid  Shower. — A  few  swift  meteors  leaving 
streaks  continued  to  be  observed  this  year  until  August  25,  and  as 
they  we.  e  conformable,  both  in  aspect  and  direction  of  flight,  with 
true  Perseids,  it  seems  highly  probable  tliat  the  shower  remains 
visible  until  the  date  named.  Observations  in  previous  years  have 
also  furnished  distinct  evidence  of  Perseids  in  the  fourth  week  of 
August.  The  radiant  point  on  August  25  appears  lo  be  in  about 
68°  -1-  59°,  but  the  position  is  not  very  precisely  deflnej,  the  meteors 
having  nearly  all  appeared  on  the  western  side  of  the  radiant.  There 
are  showers  of  Camelopardids  in  August,  from  60" -i-  59°  and  77"  +  57°, 
the  met»!or8  of  which  are  likely  to  be  confused  with,  and  mistaken 
for,  true  Perseids ;  it  is  therefore  impossible  to  conclude  with  certainty 
that  the  great  Perseid  shower  is  visibly  prolonged  until  August  25. 
More  materials  are  required,  and  to  obtain  these  it  will  be  important 
to  watch  the  northern  sky  between  August  20  and  25  in  future  years, 
and  record  with  particular  care  the  flights  of  any  streak-leaving 
meteors  that  may  uppear. 

Brilliant  Meteors. — On  August  15,  lOh.  44m.,  G.M.T.,  the 
Rev.  W.  F.  A.  Ellison,  of  Enoiscorthy,  observed  a  meteor  equal  to 
Venus.  It  gave  several  briglit  flashes  and  left  a  short  train  as  it 
moved  from  20.5" -I- 54°  to  182° -1-45°.  On  August  21,  at  13h.  32m.,  a 
fireball  was  seen  by  the  writer  at  Bristol.  It  produced  a  flash 
apparently  as  bright  as  the  full  moon,  and  left  a  streak  of  5  degrees 
1*  to  the  right  of  3  Cygni  for  about  a  minute.  The  path  was  from 
295"-!- 30"  to  285° -1-25 i°.  'Ibe  radiant  cannot  be  definitely  assigned 
as  no  other  observations  have  come  to  bund.  There  was  another  fine 
meteor  seen  at  Kirkstall  at  an  early  hour  on  the  same  morning,  for  a 
correspondent  of  the  Yorkshire  Daili/  I'ost  alludes  to  it  as  shooting 
from  "a  little  above  a  Andromeda;  to  the  well-known  '  W  '  of 
Cassiopeia."  On  .\ugu8t  29,  8h.  15m.,  a  pretty  bright  meteor  was 
noticed  bv  Mr.  F.  L.  Raymond  at  Yeovil,  in  the  west,  travelling 
rather  swiftly  from  210"  +  35°  to  190° -I-  20°. 

Real  Path  or  a  Meteor. — On  August  25,  9h.  3.5m.,  Mr.  C.  L. 
Brook,  of  Meltham,  near  Iluddersfield,  observed  a  meteor  of  3rd 
magnitude  i-booting  from  347"  +  2i°  to  34l°  — 8°  in  one  second.  The 
same  object  was  seen  by  ilie  writer  at  Bristol,  where  the  apparent 
course  was  from  21°  +  29°  to  2U''  +  19°.  It  moved  swiftly  across 
a  Trianguli,  and  left  a  streak.  The  combined  paths  indicate  a  radiant 
at  79"  +  59°,  and  lieights  of  70  to  52  miles  over  Suffolk  and  Essex. 
This  shower  near  3  Camelopardi  appears  active  in  the  months 
August,  September,  and  October. 
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THE  FACE  OF  THE  SKY  FOR  OCTOBER. 

By  W.  Shackleton,  f.r.a.s. 

The  Sun. — On  the  1st  the  sun  rises  at  6.0  and  sets  at 
6.39 ;  on  the  31st  he  rises  at  6.51  and  sets  at  4.35. 

Sunspots  and  faculie  may  frequently  be  observed  on  the 
solar  disc. 

The  Moon  : — 


Phases. 

H.    M. 

Oct.    6 

O  Full  Moon 

3  24  P.M. 

„     13 

(J    Last  Quarter 

7  66  P.M. 

..     20 

9  New  Moon 

3  30  P.M. 

„    28 

])    First  Quarter 

8  33  A.M. 

The  moon  is  in  perigee  on  the  16th,  and  in  apogee  on 
the  28th. 

There  is  a  partial  eclipse  of  the  moou  on  the  6tb,  but 
as  the  moon  at  the  time  of  rising  has  left  the  umbra  and 
is  well  advanced  into  the  penumbra,  the  phenomenon  will 
scarcely  be  noticeable  in  this  country.  Some  of  the 
particulars  are  as  follow  : — 

Moon  rises  at  Greenwich  ...  ...         5.32  p.m. 

Middle  of  Eclipse  Oct.  6.     3.18  p.m. 

Last  Contact  with  the  Shadow  ...  „         4.55  p.m. 

Last  Contact  with  the  Penumbra  ,,         6.7    p.m. 

Occultations : — 

The  somewhat  rare  occurrence  of  an  occultation  of  a 
first  magnitude  star  takes  place  on  the  10th,  when 
Aldebaran  suffers  occultation  about  half  an  hour  after 
the  moon  rises ;  disappearance  takes  place  at  the  bright 
limb,  and  reappearance  at  the  dark  limb,  as  shown  in  the 
diagram  below : — 


Occultation  of  Aldebaran,  October  10. 
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is  a  morning  star  in  Virgo,  and  on  the  19th  he  is  at  a 
favourable  morning  elongation,  attaining  a  separation  of 
18'  13'  W.  from  the  sun,  aud  rises  at  4.42  a.m.,  or  nearly 
two  hoars  in  advance  of  the  sun. 

Venus  is  a  morning  star  in  Leo,  rising  on  the  1st  at 
4.28  a.m.,  and  on  the  31st  at  2.61  a.m.  She  attains  her 
greatest  brilliancy  on  the  24th,  the  disc  then  having  a 
diameter  of  about  39",  and  a  little  more  than  one^fourth 
being  illuminated,  thus  answering  to  the  moon  five 
days  old. 

Mars  is  practically  unobservable,  being  very  low  down 
in  the  south-west  shortly  after  sunset. 

Jupiter  is  in  a  mott  convenient  position  for  easy  obser- 
vation, being  on  the  meridian  on  the  1st  at  10.32  p.m., 
16th  at  9.32  p.m.,  31st  at  8.26  p.m.,  aud  having  an  altitude 
of  about  31°.  About  the  middle  of  the  month  the  polar 
and  equatorial  diameters  are  46"'3  and  48"4  respectively. 
Jupiter  is  near  the  moou  on  the  evenings  of  the  4th  and 
31st. 

The  configurations  of  the  satellites  as  seen  in  an 
inverting  telescope  at  9.30  p.m.  are  as  follow  : — 


The  Planets. — Mercury  is  in  inferior  conjunction  with 
the  sun  on  the  3rd.     Towards  the  middle  of  the  mimth  he 
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The  circle  (O)  represents  Jupiter;  0  signifies  that  the  satellite  is 
on  the  disc  ;  •  signifies  that  the  satellite  is  behind  the  disc,  or  in  tlie 
shadow.     Tlie  numbers  are  the  numbers  of  the  satellites. 

Saturn  is  on  the  meridian  about  H  hours  after  sunset ; 
although  rather  low  down  he  well  repays  observation.  He 
is  stationary  on  the  8th,  after  which  his  motion  is  again 
direct  or  easterly.  About  the  middle  of  the  month  the 
diameter  of  the  ball  is  16",  whilst  the  diameters  of  the 
outer  major  aud  minor  axes  of  the  outer  ring  are  40"  and 
14"  respectively  ;  we  are  looking  down  on  the  northern 
surface  of  the  ring  at  an  angle  of  20^,  it  therefore  appears 
widely  open. 

Uranus  is  practically  out  of  range,  being  very  low  down 
in  the  south-west,  and  setting  shortly  after  simset. 

Neptune  rises  about  9.45  p.m..  at  the  lieginning  of  the 
month  ;  he  is  situated  in  Gemini  near  the  star/*,  as  shown 
on  the  chart  given  in  the  January  number. 

The  Stars. — About  9  p.m.,  at  the  middle  of  the  month, 
the  following  constellations  may  be  observed  : — 
Zenith     .     Cygnus,  Cepheus,  Cassiopeia. 
South       .     Pegasus,  Aquarius,  Capricornns,  Fomalhaut. 
West        .     Lvra.   Hercules,  Ophiuchns.  Corona ;  Bootes 

to  the  N.W.  :  A<iuila  to  the  S.W. 
East  .     Andromeda,  Perseus.  Aries,  Pleiades  ;  Auriga 

to  the  N.E.;  Cetus  lo  the  S.E. 
Nokth  Ursa  Major,  Ursa  Minor,  Draco. 

Minima  of  Algol  may  l>e  observed  on  the  7th  at  10.26 
P.M..  10th  at  7.14  p.m.,  28th  at  0.8  a.m..  and  30th  at 
8.66  P.M. 
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CEI)css  Column. 

5y   C.    i>.    Loi'ocK,    K.A. 


Communications  for  this  column  should  bo  addressed 
to  C.  D.  LococK,  Netherfield,  Camborley,  and  be  posted 
by  the  10th  of  each  month. 

Solutions  of  September  Problems. 

No.  1  (H.  N.  Fellows). 

1.  Q  to  E2,  and  mates  next  move. 

No.  2  (B.  G.  Laws). 

Key -move. — 1.  R  to  Kt4. 


.  .  PxE, 

0 

Q  to  Bsq. 

.  .  P  to  B5, 

2. 

RxP. 

.  .  K  to  B3, 

2. 

Q  to  R4eh 

.  .  B  to  Q5, 

2. 

R  to  K4ch 

.  .  Others, 

2. 

Q  to  R6. 

After  1.  ...  P  to  B3,  various  continuations  are  possible. 

Solutions  received  from  "  Quidam,"  2,  4;  "Alpha," 
2,  0 ;  W.  H.  S.  M.,  2,  4  ;  T.  Dale,  2,  4 ;  W.  Nash,  2,  4 ; 
G.  W.  Middleton,  2,  0;  H.  S.  Braudreth,  0,  0;  "Looker- 
on,"  2,  4;  C.  Johnston,  2,  4;  H.  F.  Culmer,  2,  4;  G.  A. 
Forde  (Major),  2,  4;  J.  W.  Dixon,  2,  4;  F.  L.  Schneider 
(No.  1  only,  too  late  to  score). 

"  Alpha." — I  am  glad  to  hear  that  your  cbaufje  of  abode 
will  not  prevent  your  continuing  to  solve  the  Knowledge 
problems.  I  should  be  sorry  indeed  to  lose  the  most 
faithful  of  our  solvers. 

C.  T.  Blanshard. — The  paper  sent  contained  no  notice 
of  your  Problem  Tourney.  Did  you  send  the  wrong 
number  by  mistake  ? 

J.     W.    Abbott. — Many    thanks    for    the    two  problems, 
which  I  shall  be  very  glad  to  priut  shortly. 
Solution  or  End-game. 

After  1.  R  to  B8ch,  BxR  (best)  W.  H.  S.  M.  points 
out  that  White  has  the  choice  of  two  continuations,  viz., 
2.  R  to  KtHch,  K  X  R  ;  3.  Xt  to  B6ch,  etc.,  or  2.  Q  to  R7ch, 
K  X  Q ;  3.  Kt  to  B6ch,  etc. 

SOLUTION    TOURNEY. 

Very  little  change  has  taken  place  among  the  relative 
positions  of  the  leading  solvers.     The  first  ten  are  now  : — 


W.  Nash 
"Looker-on" 
J.  W.  Dixon 
U.  Johnston 
"  Quidam".,. 


58 
58 
58 
58 
55 


W.H.  S.M. 

G.  W.  Middleton 

"Alpha" 

H.  F.  Culmer   ... 
Major  Forde     ... 


54 
50 
46 
42 
40 


PROBLEMS. 

By  Philip  H.  Williams. 
No.  1. 


WniTE  (8). 

White  mates  in  two  moves. 


No.  2. 

Black  ■:!) 


i     ^    I 


1     Mi 


White  (.5) 

White   mates    in    three   moves. , 

CHESS   INTELLIGENCE. 

The  Amateur  Chamjiionship  Meeting  at  Plymouth  was 
concluded  early  last  mouth.  The  entry  was  more  repre- 
sentative than  has  been  usual  of  late  years,  and  it  was  found 
necessary  to  divide  the  players  into  two  sections,  the  first 
two  in  each  section  to  decide  the  final  order  l>y  means  of  a 
fresh  tournament  limited  to  themselves.  The  preliminary 
scores  were  :  -  Section  A  :  Wainwright,  7;  Belliugham,  6^  ; 
Palmer,  6;  Michel),  5|^;  MoUard,  3;  Lambert,  2i ;  Parry, 
2i ;  Miss  Finn,  2  ;  Bowles,  1.  Section  B :  Gunston,  7^  ; 
Emery,  5|:  Alcock, 4^;  Mortimer,  4^;  Fawcett, 4;  Jones, 
3^  ;  West,  "5  ;  Dunstan,  2  ;  Taylor,  2.  In  the  final  tourna- 
ment the  score  was: — G.  E.  H  Bellingham,  2;  A.  Emery 
and  W.  H.  Gunt,ton,  U;  G.  E.  Wainwright,  1.  Mr. 
Belliugham  thus  becomes  Amateur  Champion.  The  system 
in  use  does  not  seem  altogether  satisfactory  ;  for  instance, 
it  seems  decidedly  hard  that  Mr.  Wainwright,  after  coming 
out  with  a  clear  lead  in  probably  the  stronger  section 
of  the  two,  should  have  to  be  content  with  fourth  place. 
A  choice  of  thi'ee  (instead  of  two)  from  each  section,  or  a 
two-round  final  contest  would  certainly  be  a  more  satis- 
factory test. 

A  series  of  six  games  to  test  the  soundness  of  the 
"  Rice "  Gambit  was  recently  played  at  Brighton,  Dr. 
Lasker  offering  the  gambit  in  every  game  and  M.  Tchigoriu 
conducting  the  defence.  The  result  was  a  victory  for  the 
Russian  master  by  two  games  to  one,  three  being  drawn. 

Only  three  players  competed  for  the  Scottish  Champion- 
ship this  year,  Mr.  D.  T.  Mills  being  a  prominent  absentee. 
Mr.  J.  Borthwiek  came  out  first  with  a  score  of  three,  Mr. 
E.  Macdouald  winning  two,  and  Mr.  J.  D.  Chambers  one. 
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THE    STRUGGLE    FOR    EXISTENCE    IN 
SOCIOLOGY. 

By     J.     Collier. 
III. 

The  Political  Struggle. 
The  political  struggle  is  a  continuation  of  tlie  ethnical 
struggle  in  a  new  sphere  and  un<k'r  now  forms.  It  is 
that  struggle  transferred  from  without  to  within  the  State, 
and  extended  to  all  departments  of  ])ul)lic  life.  The 
invaders  are  no  longer  foreigners;  they  are  citizens  of  the 
new  country,  and  tiiey  gradually  blend  themselves  with 
almost  all  its  ranks.  The  invasion  no  longer  takes  place 
on  the  frontiers  ;  its  waves  mount  to  the  halls  of  the 
legislature.  How  through  the  courts  of  justice,  and  Hood 
the  chambers  of  iulniinistrution.  The  nature  of  the 
struggle  is  unchanged — warfare  is  a  mere  incident  of  it, 
as  it  is  of  the  ethnical  struggle,  and  plays  no  smaller  and 
no  larger  a  part  in  it ;  the  method  is  the  same — slow 
dis]ilacenient  and  siipefse.ssiou,  not  destruction  or  ex- 
termination ;  and  the  result  is  the  same — the  infusion  of  a 
new  element  into  the  institutions  of  a  people,  as  into  it's 


ethnical  composition.  Even  the  instruments  are  not 
essentially  altered  ;  laws,  judicial  decisions,  and  adminis- 
trative regulations  continue,  as  they  began,  the  work  of 
fusion,  and  are  only  applied  to  new  cases. 

Thus  the  history  of  ancient  G-reece  was  the  after- 
reflection  of  the  struargle  between  the  immigrant  Hellenes 
and  the  indigenous  Pelasgians,  Carians,  or  what  not.  The 
long  conflict  between  the  patricians  and  the  plehs  of 
ancient  Rome  was  a  continuation  of  the  strife  between  the 
immigrant  Romans  and  the  indigenous  Latins;  and  i(s 
various  incidents,  such  as  the  election  of  tribunes  and  of  a 
plebeian  consul,  and  the  enactment  of  agrarian  laws,  were 
at  bottom  of  the  same  character  as  the  acts  of  aggression 
and  resistance  that  constituted  the  invasion  and  the 
defence.  Augustin  Thierry's  view,  that  the  racial  struggle 
between  the  iSaxons  and  the  Normans  is  the  key  to  the 
subsequent  political  history  of  England,  has  not  been 
accepted  by  historians  in  its  entirety ;  yet  if  we  will  define 
"  race  "  historically  instead  of  ethnically,  and  consider  the 
"Saxon  race"  as  consisting  of  a  mass  of  Teutons  and 
Northmen  (thus  so  far  resembling  the  "Norman  race"), 
on  a  compound  basis  of  pire-Aryans  and  Celts  (such  as 
Ethnology  shows  to  have  existed  in  England),  and  all 
because  of  historical  association  and  antagonism  to  the 
invaders,  animated  by  similar  disj^ositions,  we  shall  find 
his  view  to  be  sociologically  sound.  It  may  then  be  used 
to  explain  our  political  history.  The  Tories  were,  and  the 
Conservatives  are,  sometimes  of  Celtic  or  Turanian  origin, 
but  they  have  assumed,  where  they  did  not  naturally  have, 
the  sentiments  of  a  governing  aristocratic  race.  The 
Whigs  were,  many  of  them,  hereditary  aristocrats,  and  the 
Radical  and  Socialist  leaders  have  often  been  cultured 
patricians.  None  the  less,  both  associate  themselves  with 
the  characteristic  feelings  of  their  parties,  and  reflect  their 
pristine  antagonisms.  The  history  of  France  has  likewise 
been  written  by  its  greatest  historians  as  that  of  a  conflict 
between  the  various  races  that  have  successively  occupied 
the  soil.  From  the  fifth  century  to  the  thirteenth  it 
consisted  in  the  gradual  taking  possession  by  the  Germanic 
invaders  of  all  the  institutions  of  public  and  social  life; 
from  the  thirteenth  to  the  eighteenth,  in  the  sk)w  recovery 
by  the  indigenes  of  their  lost  ground;  while  the  revolution 
was  the  uprising  of  the  Celtic  and  jjossibly  the  Turanian 
masses. 

The  Dynastic  Struggle. 

The  succession  of  dynasties  resembles  the  immigration 
of  new  species.  Like  tliem,  they  slowly  take  possession  of 
their  new  area.  It  will  be  more  instructive  to  describe  a 
single  such  case  in  some  detail  than  to  make  vague  general 
references  that  would  leave  no  definite  impression.  The 
Carolingian  dynasty  sprang  up  by  the  side  of  the  Mero- 
vingian, insensibly  gathered  strength,  and  at  last  sup- 
planted it.  A  strong  power  was  needed  to  keep  in  order 
the  noisy  and  tumultuous  crowd  of  nobles  who  surrounded 
the  Frankish  kings.  They  themselves  elected  a  Mayor  of 
the  Palace,  or  Lord  Chamberlain,  as  they  had  once  elected 
their  sovereigns.  The  mayor  had  at  first  no  other  office 
than  to  compose  their  disputes,  and  thus  relieve  the  king 
of  an  irksome  duty.  As  they  naturally  appointed  one  of 
themselves,  and  probably  their  strongest  m:ui.  he  soon 
became  tlieir  head.  Possessing  so  much  authority,  lie 
naturally  became  chief  minister  of  tlie  sovereign.  He 
soon  made  his  position  impregnable.  In  t!13,  after  a 
struggle  between  the  nobles  and  the  dynasty,  one  mayor 
stipulated  that  he  shoidd  never  be  deposed,  and  extracted 
from  the  king  an  oath  to  that  effect.  The  office  was  next 
maile  hereditary  in  a  particular  family,  that  of  Pepiu, 
which  had  acquired  wealth  and  consideration.  King 
Dagobert  died,  leaving  an  infant  sou.     The  mayor  became 
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regeut  or  worlring  king.  The  infant  died,  and  in  656  the 
mayor  made  his  own  son  king.  It  was  too  soon.  The 
usurper  was  dispossessed  by  the  vigorous  sovereign  of  rival 
Neustria,  who  annexed  the  kingdom.  The  victor  died  the 
same  year,  also  leaving  only  infant  sons.  The  Austrasian 
grandees  then  deserted  the  race  that  had  proved  unable  to 
defend  itself,  and  made  their  mayor  Duke  of  the  Franks. 
It  was  the  first  titular  step  to  sovereignty.  Power  at 
home  leads  to  self-assertion  abroad,  and  the  Mayor  of 
Austrasia  attacked  the  Mayor  of  Neustria  in  687  and 
defeated  him  in  a  great  battle  near  Pcronne. 

Pepin  brought  back  with  him  to  Austrasia  the  king  of 
the  vanquished  people,  but  the  Merovingian  dynasty  was 
practically  at  an  end.  It  indeed  lived  on  for  6.5  years 
longer,  but  as  the  mere  shadow  of  a  royal  race.  Most  of 
the  kings  died  in  youth  or  were  old  men  before  they  were 
thirty.  They  were  known  as  the  "  do-nothing  kings," 
They  retained  the  long  hair  and  beard  that  were  the 
emblems  of  kinghood.  They  sat  on  a  throne  and  received 
ambassadors,  to  whom  they  recited  dictated  speeches. 
Once  a  year  they  appeared  at  the  assemblies  of  the 
warriors.  Generally  they  lived  isolated  on  a  farm,  enjoying 
a  pension  (very  irregularly  paid,  we  are  told)  assigned 
them  by  the  mayor.  Of  the  two  last  surviving  kings  of 
the  two  kingdoms,  one  voluntarily  entered,  and  the  other 
was  confined  in,  a  monastery. 

Meanwhile,  the  Mayor  of  Austrasia  steadily  gained 
gi'ound.  The  family  of  Pepin  grew  in  wealth  and  in 
sanctitv,  and  Pepin  gained  consideration  by  his  equity. 
He  built  up  the  executive  authority  and  kept  the  nobles  in 
subjection.  His  famous  son,  Charles  Martel,  defeated  the 
Saracens  at  Poitiers,  and  saved  northern  Europe  from 
invasion.  Charles's  son,  Pepin  the  Little,  conquered 
Burgundy  and  Aquitaine.  He  was  then  strong  enough, 
with  the  approval  and  aid  of  the  Pope,  to  proclaim  him- 
self king  in  752.     The  sti-uggle  had  lasted  150  years. 

There  was  no  lack  of  battle  in  its  primai'y  sense,  as  we 
perceive  ;  assassinations  of  rival  kings,  queens,  and  mayors 
were  not  infrequent ;  but  the  gist  of  the  dynastic  struggle 
did  not  lie  there.  It  lay  in  the  steadfast  advance  of  a  new 
and  still  incorrupt  ethnical  variety  and  the  slow  recession 
of  a  race  that  died,  not  only  of  defeat,  but  of  its  own 
internal  decline.  Nor  does  the  defeat  of  a  dynasty  neces- 
sarily involve  its  extinction.  It  may  live  on,  driven  into  a 
remote  or  an  inferior  habitat.  The  Dukes  of  Gascony  or 
Aquitaine  and  the  Counts  of  Armagnac  in  the  fifteenth 
century  were  the  lineal  descendants  of  King  Charibert  in 
the  seventh. 

The  Ministerial  Steucjgle. 

The  advent  of  a  new  dynastic  variety  commonly  brings 
with  it  a  new  administrative  variety,  which  is  of  the  same 
race  with  it,  like  the  Guises  and  like  Sully,  or  which 
moulds  it  in  its  own  image,  as  the  doctrinaires  of  the 
French  Kestoration  moulded  the  Orleans  dynasty.  But 
it  may  also  spring  up  in  sympathy  with  a  new  type  of 
sovereign,  and  then  we  observe  in  both  cases  the  rise  of 
an  original  species.  Charles  V.,  well  named  the  Sage 
(1364-80),  was  a  new  kind  of  monarch  in  France.  Staying 
at  home,  while  his  luckless  predecessors  had  gone  out  to 
the  disastrous  fields  of  Crccy,  Poitiers,  and  Agincourt,  he 
recovered  by  diplomacy  as  much  territory  as  they  had  lost 
by  war,  and  governed  the  country  like  a  "  citizen  king." 
His  Ministers,  disdainfully  called  "s^nall  people"  and 
"  the  marmosets  "  by  the  nobles,  had  risen  up  from  the 
■wealthy  and  instructed  upper  middle  class,  and  they  ousted, 
by  mere  choice  of  the  King,  the  royal  princes  and  feudal 
nobles  who  had  long  misgoverned  France.  Driven  from 
ofiice  at  his  death  by  the  re-entrant  seigneurs,  they  were 
replaced  in  it  eight  years  later  by  the  new  King,  his  son. 


and  for  four  short  years  they  ruled  the  country  with 
wisdom.  Unhappily,  the  insanity  of  the  King  again  led  to 
their  exclusion,  and  another  feudal  reaction  ensued.  In 
all  this  there  was  no  encounter  between  the  two  bodies  of 
Ministers ;  no  victory  and  no  defeat.  It  is  true  that 
the  chief  Minister  of  the  "  marmosets  "  was  assassinated, 
but  bv  a  noble  in  personal  revenge.  A  change  of  moral 
climate,  so  to  speak,  a  return  of  the  glacial  epoch,  as  it 
were,  made  the  continued  existence  of  the  new  men  itn- 
possible. 

The  first  Bourbon  king  of  France  inaugurated,  or 
revived,  the  modern  type  of  Minister  in  the  great  Sully. 
Heni-y's  strong  per.sonality  survived  his  assassination,  and 
kept  the  Minister  in  office  for  a  while,  but  a  new- 
political  atmosphere  soon  made  him  obsolete.  The  Italian 
Queen-mother  initiated  a  foreign  policy,  involving  a 
Spanish  alliance,  with  which  the  Protestant  could  have  no 
sympathy.  His  colleagues,  Villeroy,  Sillery,  and  Jeannin, 
kept  their  ground  during  the  first  phase  of  the  regency, 
and  then  they  too  had  to  go.  The  "  grey-beards  "  were 
replaced  by  the  "  young  people" — Barbin,  Mangot  Brienne, 
and  Richelieu.  Again  there  was  no  battle.  Aji  Italian 
favourite,  Concini,  had  confirmed  the  new  direction  given 
to  the  policy  of  France,  and,  from  Protestant  and  German, 
had  made  it  Catholic  and  Spanish.  There  was  no  conflict 
between  the  new  Ministers  and  the  old.  As  Gabriel 
Hanotaux  has  observed,  it  was  "the  pressure  of  interests 
and  events "  that  bore  the  new  Ministers  to  office.  The 
change  of  environment  killed  the  old  species  and  favoured 
the  survival  of  the  new.  When  Richelieu  subjugated  his 
eolleagties,  and  reigned  alone,  or  in  company  with  the 
formidable  Father  Joseph,  it  was  because  his  bold  and 
original  genius  had  created  a  new  environment  once  more, 
and  made  French  policy  swerve  back  into  the  channel  that 
Henry  had  dug  for  it.  The  deposition  of  this  Minister 
or  that  was  a  mere  incident  of  the  struggle. 

The  rise  and  fortunes  of  the  Doctrinaire  Party  have 
been  nan-ated  in  the  delightful  Souvenirs  of  Duke  Victor 
de  Broglie,  the  worthy  son-in-law  of  Mme.  de  Staid,  who 
might  perhaps  be  named  the  ancestress  and  spiritual 
founder  of  the  party.  It  inherited  her  brilliancy  and  her 
rectitude.  Guizot  was  its  brain ;  Camille  Jordan  its 
heart ;  de  Serre  its  orator ;  Broglie  its  cross-fertiliser  ; 
Barante  its  historian ;  and  Charles  de  Rcmusat  its 
philosopher.  Planted  before  the  Restoration,  it  sprang 
into  prominence  in  1818.  In  the  beginning  of  that  year, 
though  numerically  "  almost  imperceptible,"  it  elected  the 
President  of  the  Chamber,  and  before  the  end  of  the  year 
it  placed  in  office  a  Ministry  that  was  called  the  Doctrinaire 
Ministry,  because  "the  party  was  the  nerve  and  brain"  of 
the  Ministry,  though  only  one  of  its  members  was  a 
Minister.  Not  till  after  the  Revolution  of  1830  did  it 
form  a  Ministry  of  its  own,  and  that  lasted  for  little  more 
than  two  months,  but  it  may  be  said  to  have  moulded  the 
French  legislature  in  its  own  image.  We  need  not  further 
follow  its  fortunes.  Nor  need  we  take  too  seriously  the 
military  phraseology  in  which  the  party  struggle  is 
described  by  the  Duke,  who  had  lived  through  the  wars  of 
the  Republic  and  the  Empire.  The  doctrinaire  party  was 
"  a  headquarters  staff  without  soldiers";  it  "  planted  its 
flag "  in  certain  positions ;  it  was  "  vanquished "  on 
certain  grounds;  a  system  or  a  law  was  "keenly  attacked"; 
a  bill  was  "  combated,"  and  "  during  the  height  of  the 
combat  .  .  .";  and  so  on.  The  phrases  do  not  deceive  us ; 
we  are  familiar  with  them  in  our  own  histories  and 
journals ;  and  no  one  who  has  witnessed  an  oratorical 
tourney  in  the  House  of  Commons,  especially  in  the  great 
days  of  Gladstone  and  Disraeli,  will  underrate  the  element 
of  battle  in  Parliamentary  debates.  It  is  assuredly  an 
essential  part  of  the  Ministerial  struggle  in  free  countries  ; 
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but  it  is  a  secoudary  part.  The  primary  and  real  struggle 
in  France  consisted  in  the  incessant  effort  to  pi'opagate 
the  new  ideas,  revealed  in  the  lectures  of  Guizot,  Villeniain 
and  Cousin  at  the  Sorbonne  ;  in  the  pamphlets  of 
Benjamin  Constant  and  the  articles  of  Armand  Carrel ;  in 
the  poetry  of  Lamartiue  and  the  prophecies  of  Lamennais; 
and  in  the  salon  of  the  beautiful  and  intellectual  Duchess 
de  Broglie.  There,  and  in  similar  quarters,  was  waged 
the  true  battle  In  the  political  remoulding  of  the  middle 
class  and  the  foundation  of  constitutional  government  lay 
the  victory.  In  the  hopeless  obsolescence  of  the  ancie.n 
ri'gime  lay  tlie  defeat. 


FAMILIAR    BRITISH    WILD    FLOWERS   AND 
THEIR   ALLIES. 

By   R.    Lloyd    Praeoek,    b.a. 

VI.— ORCHIDS.* 

Of  all  the  orders  of  British  plants,  Ferns  and  Orchids  are 
perhaps  the  two  which  are  most  attractive  to  lovers  of 
plant-life,  either  native  or  exotic.  And  just  as  the 
splendid  Adiantnms  and  Cattleyas  of  foreign  climes  form 
one  of  the  chief  interests  of  the  cultivator  under  glass,  so 
to  the  British  student  of  nature  our  more  modest  forms  of 
Orchids  and  Ferns  possess  a  special  attraction.  Orchids 
are  in  all  ways  a  group  of  surpassing  interest.  This 
interest  centi-es  in  the  flowers,  with  their  amazing  range  of 
form  and  colour,  both  of  which  features  are  connected 
witli  their  remarkable  structure  in  relation  to  cross- 
fertilization  by  insects.  Though  the  Britisli  Orchid 
flowers  are  small  in  comparison  with  the  gorgeous  ti'opical 
forms,  they  nevertheless  exhibit  a  variety  of  adaptation 
that  may  well  hold  the  student's  attention.  In  other 
directions,  too,  our  Orchids  invite  study.  From  the  point 
of  view  of  geographical  distribution,  no  British  Natural 
Order  offers  a  more  varied  field,  nor  problems  of  more 
profound  importance  in  the  study  of  plant-migration. 
Like  the  Heaths  and  Gentians  sketched  in  my  last  article, 
the  Orchids  are  a  thoroughly  wild  group.  Not  a  single 
member  of  the  Order  seeks  the  haunts  of  man.  Towns 
and  tilled  ground  know  them  not ;  only  a  few  will  flourish 
freely  in  cultivation,  however  we  coax  them.  The 
meadows,  heaths,  woods  and  marshes  are  their  stronghold  ; 
here,  amid  Meadowsweet  and  Heather,  Gorse  and  Sedge, 
and  in  dark  woods  among  beds  of  rich  humus,  they  open 
their  strange  flowers,  and  disperse  their  curious  powdery 
seed. 

The  British  Orchids  are  all,  like  their  foreign  associates, 
herl)aceous  perennial  jilants  ;  hut  while  a  large  number  of 
the  exotic  species  ai'e  epipliytic  in  habit,  pei'ching  on  the 
damp  branches  of  trees  and  climbers  in  steaming  tropical 
forests,  the  British  Orchids  are  all  terrestrial.  The  majority 
live  among  the  crowded  herbage  that  peoples  the  meadows 
and  copses.  The  root-system  of  most  of  these  consists  of 
a  bundle  of  fleshy  fibres.  Each  season  one  of  the  fil)res 
produced  swells  into  a  tuber,  which  fills  itself  %vith  food  for 
next  yeai"'s  slioot  as  the  previous  year's  tuber  exhausts 
itself.  The  shoot  wliich  rises  annually  from  the  shortened 
root-stock  produces  a  number  of  lanceolate  or  strap-shaped 
alternate  leaves,  and  ends  in  a  spike  of  flowers  of  various 
colour  and  form.  A  few,  such  as  the  Bird's-nest  Orchis 
{Neotiia  NiiJun-avis),  whicli  have  their  home  in  dark 
woods,  are  saprophytes.  They  draw  the  whole  of  the 
nourishment  they  require  from  decaying  vegetable  matter  ; 

*Foi'  tlic  use  of  the  figures  wliicli  illustrate  this  article,  the  writer 
is  iDilobtecl  to  Messrs.  C.  GritUii  &  Co.,  Limited.  They  are  taken  from 
his  "  Open-air  Studies  in  Botany." 


green  leaves  being  tlius  rendered  unnecessary,  are  absent ; 
and  the  plants  are  of  dull  hues  of  brown  and  yellow.  One 
of  our  British  Orcliids,  the  Marsh  Helleborine  (  Epipactis 
palustris),  has  an  underground  root-stock  which  creeps 
extensively — half  a  foot  per  year,  or  more — producing  each 
season  a  leafy  flowering-shoot,  and  a  bunch  of  root-fibres 
for  its  nutrition ;  and  the  Creeping  Lady's-tresses  (Goorfyera 
repens)  has  a  similar  creeping  habit.  The  saprophytic 
species  have  all  curious  roots  and  root-stocks.  In  the 
Bird's-nest  Orchis  the  root-stock  is  shortly  creeping, 
surrounded  by  a  dense  mass  of  brown  fleshy  root-fibres, 
which  bear  only  a  very  distant  resemblance  to  a  bird's  nest. 
In  the  Leafless  Epipogum  (i?.  ajjhtjllum) ,  and  the  Coral- 
root  (Cm-allorrhiza  innata),  two  very  rare  species,  the  root- 
stock  is  composed  of  a  branching  fleshy  mass,  resembling 
coral.  Three  of  the  British  Orchids  are  inhabitants  of 
bogs — the  very  rare  Spiranthes  lestivalis,  the  Fen  Orchis 
(Liparis  Loeselii),  now  almost  or  quite  extinct  owing  to 
the  draining  of  the  fens,  and  the  tiny  Bog  Orchis  (Malaxis 
paludosa),  a  greenish-yellow  plant  a  few  inches  high, 
growing  in  cushions  of  Sphagnum.  Both  of  the  last- 
named  species  produce  each  year  a  bulb-like  bud  by  the 
side  of  the  old  one  ;  and  Malaxis  is  in  addition  proliferous, 
bearing  a  bead-like  fringe  of  tiny  bulbils  round  the  edges 
of  its  short  leaves. 

Let  us  next  examine  the  structure  of  an  Orchid  flower — 
any  of  our  common  meadow  species  of  Orchis  or  Habenaria 
will  suffice.  The  ovary  is  inferior  and  drawn  out,  so  that 
it  looks  like  the  stalk  of  the  flower,  which  is  in  reality 


Fia.  1.  —  Single  tlower  of  Sweet-scented  Orchis  (Sabenaria 
conopsea).  1,  .Ixis  of  the  flower-spike  ;  2,  bract  which  subtends  each 
flower ;  3,  the  twisted  ovary ;  4.  the  upper  sepal ;  5,  5,  the  lateral 
sepals  or  wings;  6,  6,  the  lateral  petals;  7,  the  lower  petal  or 
labellum  ;  8,  the  spur  formed  by  the  backward  prolongation  of  the 
labellum ;  9,  the  two  anther- lobes  ;  10,  the  stigmatic  surface. 


sessile.  The  calyx,  consisting  of  three  sepals,  as  in  many 
Monocotyledons,  is  coloured  and  corolla-like.  The  corolla 
consists  of  three  petals,  also  coloured,  and  alternating 
witli  the  sepals.  As  the  flower  expands,  the  ovary  twists 
through  half  a  turn,  thus  inverting  the  flower,  and  making 
the  lowest  part  the  uppermost.  Thus  inverted,  the  flower 
exhibits  a  large  upper  sepal,  which  arches  over  the  blossom, 
forming  a  kind  of  hood  ;  the  remaining  two  sepals,  called 
the  wings,  spreading  horizontally  on  either  side.  Of  the 
three  petals,  two  comparatively  small  ones  join  the  upper 
sepals  in  providing  a  roof  for  the  essential  organs  ;  the 
third  (the  labellum).  much  expanded  and  brilliantly 
coloured,  spreads  downward ;  it  is  continued  backwards 
into  a  long  hollow  spur,  in  which  houoy  is  secreted.  The 
ovarv  is  prolonged  forwards  into  the  inner  part  of  the  roof 
of  tlie  flower,  where  it  forms  a  fleshy  projecting  mass  (the 
column),  in  which  the  essential  organs  are  embedded.  The 
single  stamen — single  in  all  British  Orchids  except  the 
Lady's-slipper  {Ci/pripcdiiim) — consists  of  a  two-lobed 
anther  embedded  in  the  column.     Each  lobe  of  the  anther 


244 


KNOWLEDGE. 


[N0\-EMBER.    1903. 


splits  length-wise,  revealing  a  number  of  pollen-grains  held 
together  in  a  club-shaped  mass  by  a  number  of  delicate 
threads.  Each  of  these  pollen- masses  is  continued  down- 
wards in  a  delicate  stalk  which  terminates  iu  a  sticky  pad 
overhanging  the  entrance  to  the  honey- tube.  The  pistil  is 
represented  by  a  sticky  flat  surface,  corresponding  to  two 
stigmas,  placed  a  little  Iselow  the  stamen  ;  the  third  stigma 
being  modified  into  a  knob  of  varied  shape  (the  rosteUum), 
between  the  anther  and  the  stigmatic  surface.  This 
remarkable  flower-structuj-e  is  especially  adapted  for  cross- 
pollination  by  insects,  self-pollination  being  practically 
impossible ;  and,  furthennore,  only  a  very  few  chosen 
insects  can  reach  the  honey,  or  fertilize  the  plant.  We 
can  imitate  the  visit  of  a  bee,  which  is  one  of  the  favoured 
agents,  by  gently  inserting  into  a  newly-opened  Orchis 
llower  a  sharpened  lead  pencil,  and  we  will  understand 
how  this  complicated  mechani.sm  works.  The  hypothetical 
bee's  head,  pushed  into  the  entrance  of  the  flower  (as  the 
insect  hangs  on  the  convenient  landing-stage  formed  by 
the  labellum),  iu  order  that  its  proboscis  may  reach  the 
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Fict.  2. — Pollen-mass  of  Orchis,  withdrawn  by  insertion  of  a  pencil 
into  the  llower.  a,  Position  when  withdrawn,  b.  Position  after 
exposure  to  the  air. 

honev  stored  at  the  end  of  the  long  spur,  comes  in  contact 
with  the  sticky  knobs  which  temiinate  the  polleu-masses. 
One  or  both  attaches  itself  to  our  pencil,  which  di-aws  it 
out  of  its  sheath  as  we  withdraw  it.     And  now  rapid  and 
remarkable  changes  occur.     In  about   half-a-miuute  the 
attaching  cement  sets  hard  and  firmly  fastens  the  mass  to 
its  newlv-found  support.     At  the  same  time,  owing  to  the 
unequal  contraction  of  the  stem  of  the  pollen-mass,  caused 
bv  drying,  its  axis  becomes  bent,  and  it  rapidly  bends 
throvio-h   a  right-angle,  so  that  the  bundle  of  pollen  no 
longer  stands  upright  on  the  pencil,  but  points  forward. 
What  will  happen  when  our  hypothetical  bee  visits  another 
flower,  we  cau  see.     When  the  bee's  head  is  inserted  into 
the  second  flower,  the  pollen  which  it  carries  will,  owing  to 
the  deflection  of  its  stalk,  come  in  contact,  not  with  the 
corresponding    anther,    but    with    the    sticky    stigmatic 
surface  which   lies  immediately  below  :  and  thus  cross- 
fertilization  is  effected.     Furthermore,  only  a  little  of  the 
pollen  will  adhere  to  this  stigma,  and  as  the  bee  visits 
further  flowers,  the  pollen  will  be  widely  spread  among  the 
various  blossoms,  the  bundle  attached  to  the  bee's  head 
becoming   smaller  and   smaller   till   at  length   only   the 
flexible  stalk  remains.     The  above  description  will  apply 
to  most  of  our  commoner  Orchids,  though  even  among  the 
■British  species  a  considerable  range  of  form  is  found.     In 
Eiyipogum,  Liparis,  and  Malaxis  the  flower  is  not  inverted, 
the  labellum  being  uppermost :    but   in    Malcuns   this  is 
caused,  curiously  enough,  not  by  the  ovary  being  untwisted, 
but  by  its  being  twisted  twice  as  much  as  usual,  the  flower- 
bud  making  a  complete  revolution.     Thus,  in   the  curious 
Epipoyuin  we  find  the  coloured  labellum  forming  the  roof 
of  the  flower,  the  yellowish  lanceolate  sepals  the  landing- 
stage  ;  the  anther  and  stigmas  are  placed  on  the   floor, 
instead  of  the  roof  of  the  tube,  the  pollen  adhering  to  the 
imder-side   of   the    visiting   insect.      In   the   Bee   Orchis 
{Ophrys  aplf era), ugam,  the  anther-lobes  are  not  embedded, 
but  dangle  freely  in  front  of  the  stigmatic  surface,  against 
which    they    are    blown    or    pushed,    this    plant    being 
apparently  always   self-fertilized,  in  spite  of  its  elaborate 
strticture   and   brilliant   colour,  which  point   to  entomo- 
philous  habits.    The  Tway-blade  (Listera)  and  Bird's-nest 


Orchis  (Neottia)  are,  as  regards  their  flowers,  remarkable 
in  possessing  an  exceedingly  sensitive  rostellum,  which, 
on  the  lightest  touch,  instantly  ejects  a  drop  i)f  gummy 
fluid,  which  sets  hard  iu  a  few  seconds,  fii-nily  securing  the 
pollen-mass  to  the  object  — presumably  the  head  of  an 
insect— which  caused  the  disturbance. 

The  British  Orchids  are  over  forty  in  number — forty- 
four  according  to  the  London  Catalofjue,  which  includes 
one  or  two  which  are  often  treated  as  varieties.  Orchis  is 
the  largest  genus,  numbering  twelve  species  ;  and  with 
the  allied  genus  Habenaria,  constitutes  the  bulk  of  the 
Orchid  flora  of  our  meadows.  These  are  all  plants  with 
roundish  or  j)almated  tubers,  succulent  stems  and  leaves, 
and  spikes  of  ]>urple,  red,  pink,  greenish  or  white  blossoms, 
many  flelicately  fragrant.  The  Early  Purple  Orchis 
(0.  mascida),  and  the  Green-winged  (0.  Morio),  th"  latter 
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Fio.  3.— Flower  of  Early  Purph-  Orchis  (O 

1,  Side  view  ;  2,  front  view.     Natural  size 


la). 


not  found  in  Scotland,  appear  first,  and  brighten  our 
spring  pastures.  Following  them  comes  a  rush  of  meadow 
Orchids  in  June — the  Spotted  (0.  waculata).  Broad-leave  1 
(0.  latifolia  and  0.  incani'ita),  Fv;ra.midii\  {0.  pyramidalis) 
very  rare  m  Scotland,   Butterfly   (Hahenaria  chloroleuca 


Fig.  4. — Flower  of    Spotted 
Orchis  (O.  maculafa).      x  2. 


Fia.  5.— Flower  of  Butterfly 
Orchis  {Sabenaria  chloroleuca). 
Natural  size.' 


and  H.  bifolia).  Sweet-scented  {H.  conopsea),  and  the 
little  Frog  Orchis  ( ff.  virifZis),  appear  in  profusion,  forming 
one  of  the  most  charming  sections  of  our  native  wild 
flowers.  The  remaining  species  of  these  two  genera  are 
not  so  common.  The  dark  little  Orchis  ustidata  is  frequent 
on  limestone  or  chalk  in  England,  but  does  not  extend  to 
Scotland  or  Ireland.  The  Lizard  Orchis  (0.  hircina),  a, 
fine  plant  with  a  remarkable  long  curly  labellum,  is  an 
exceedingly  rare  plant  of  the  chalk.  0.  purpurea,  also  a 
comparatively  large  plant,  is  almost  confined  to  Kent. 
0.  militaris  has  a  very  limited  range  in  Herts,  Berks, 
Oxford  and  Bucks.  0.  simia  seems  to  be  confined  to 
Oxford,  Berk.s,  and  Kent.  The  last  three  are  all  chalk 
plants,  and  have  been  much  confused.  The  rarer  species 
of  Habenaria  are  H.  aJbida,  a  plant  which  loves  pastures 
on  the  fringe  of  the  mountains,  and  has  a  wide  distribu- 
tion, and  the  rare  little  H.  intacta,  or  CIose-Howered  Orchis 
{=.Neotinea  intacta),  growing  on  limestone  pastures  in 
the  West  of  Ireland,  and  to  which  we  shall  refer  again 
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later.  Our  meadows  may  also  yield  one  or  other  species 
of  the  remarkable  geuus  Ophrys,  in  which  the  mimicking 
of  animal  forms  by  the  flowers  is  carried  to  a  truly 
wonderful  degree.     The  beautiful  Bee  Orchis  is  the  most 


FiQ.  6. — Flowei'i  of  Bee  Orchis  {Ophrys  apifera).     Natural  size. 

frequent  of  these,  with  showy  pink  sepals,  and  velvety 
recurved  labellum,  looking  marvellously  like  a  bee's 
body.  It  ranges  over  England  and  the  greater  part,  of 
Ireland,  and,  like  all  the  members  of  its  genus,  loves  a 
limy  soil.  The  Fly  Orchis  (0  musci/era),  which  has  a 
similar  distribution,  is  a  smaller  plant,  with  dark  red  flowers 
which  mimic  the  appearance  ot  a  fly — head,  body,  wings 
and  legs  complete.  0.  Arachnites  and  0.  aranifera,  the 
Early  and  Late  Spider  Orchis,  are  local  English  chalk 
plants.  Allied  to  the  foregoing  are  the  Stan  Orchis 
{Aceras  anihropophora),  a  little  yellowish  Orchid  with  a 
long  lobed  labellum  with  an  outline  resembling  the 
human  body,  with  its  arms  and  legs ;  and  the  Musk 
Orchis  {Hefininium  Monorchis),  a  small  green  plant 
widely  spread  over  the  East  of  England. 

Epijxicfis  and  Cephalaiilhera,  the  Helleborines,  are 
rather  tall  plants  with  leafy  stems  and  lax  spikes  of 
flowers.  In  root,  stem,  and  leaf  they  are  less  succulent 
than  the  genera  we  have  been  considering.  In  the 
structure  of  the  flower  they  are  simpler.  The  root-stocks 
are  tufted  or  creeping,  and  devoid  of  tubers.  They  are 
chiefly  plants  of  woods  and  rough  ground.  The  best 
known  is  Eplpacfis  latifolia,  Broad-leaved  Helleborine, 
with  a  stem  a  couple  of  feet  high,  clothed  with  broad 
pointed  leaves,  and  terminating  in  a  long  spike  of  greenish 
flowers  mottled  with  purple  and  brown.  The  Marsh 
Helleborine  {E.  paliistris)  is  a  shorter  plant  with  fewer 
leaves  and  flowers  ;  the  flowers  are  very  beautiful,  being 
large  and  white,  or  tinged  with  pink,  with  a  large  lip 
contracted  above,  broadened  and  delicately  fringed  below. 
It  inhabits  wet  ground,  and  has  already  been  mentioned 
as  creeping  extensively.  E.  atw-ruheiis  is  a  very  local 
plant  wliicii  haunts  the  bare  limestone  pavements  of 
England  and  Ireland ;  its  blossoms  are  dark  red  in  colour. 
CephaJanthem  includes  three  British  species,  all  handsome 
tallish  j)lants  with  lanceolate  leaves.  C.  y  rand  [flora  and 
C.  t'lixifiiliii  have  white  lilossoms  composed  of  five  almost 
equal  segments  iuul  a  short  labellum  tinged  with  yellow  ; 
the  former  has  its  headquarters  in  the  south  of  England, 
the  latter  is  widely  but  locally  distributed  in  our  islands. 


The  Red  Helleborine  (C.  rubra)  is  a  very  rare  chalk  plant, 
with  purplish-red  blossoms. 

Spiratifhes  is  an  interesting  genus,  easily  recognised 
by  the  spiral  arrangement  of  the  flowers.  S.  aufum- 
nalig  (Autumnal  Lady's-tresses)  is  a  small  plant 
flowering  in  August,  and  widely  spread  in  dry  pastures 
on  a  limy  soil  in  England  and 
Ireland.  The  flower-stem  rises  several 
inches  from  a  little  tuft  of  leaves,  and 
bears  a  spike  of  small  deliciously  fra- 
grant white  blossoms,  arranged  in  a 
single  spiral  row.  The  Summer  Lady's- 
tresses  {8.  festivalii)  is  a  taller  plant, 
with  minute  whitish  blossoms  arranged 
as  in  the  last.  [t  is  an  extremely 
rare  bog  plant,  which  has  been  found 
in  Hants  and  Worcester.  Finally  we 
have  .S'.  Bomanzo_fiiana,ihe  most  famous 
of  all  British  Orchids,  of  which,  till 
lately,  the  only  known  European 
station  was  in  Co.  Cork ;  it  has  lately 
been  found  in  several  spots  in  the 
north  of  Ireland,  in  the  valley  of  the 
River  Bann.  It  is  larger  than  either 
of  the  preceding,  with  a  spike  of  ex- 
quisitely fragrant  greenish  -  white 
flovrers  arranged  in  three  spiral  rows. 
Goodycra  repens,  the  Creeping  Lady's- 
tresses,  is  almost  the  only  British 
Orchid  which  has  a  northern  distribu- 
tion. It  is  frequent  in  the  north  of 
Scotland,  coming  as  far  south  as  Cum- 
berland. It  is  an  inhabitant  of  fir- 
woods,  and  its  root-stock  creejis  exten- 
sively amid  the  decaying  fir-needles 
which  cover  the  ground.  The  slender 
flower-stem  rises  from  a  cluster  of 
rather  broad  short  leaves,  and  bears 
a  SjiirantJiix-Yike  lax  twisted  spike  of 
smiill  white  flowers. 

Of  Lisfera,  or  Tway-blade,  we  have 
two  species.    L.  ovata  is  a  common  plant,  growing  with  the 
familiar  species  of  Orchis  and  Habeuaria  in  meadows,  etc. 
It  is  easily  recognised  bv  its  nearlv  opposite  pair  of  large 
egg-shaped  leaves,  and  long  narrow  spike  of  small  greeuisli- 


FiG.  7.— Autumnal 
Lady's  -tresses 
{Spiranthen  autum- 
nalis).  Two-thirds 
natural  sizn. 


Fio.  8. — Flower  of  Tway-blade   (Listera  ocata). 
1,  Side  view  ;  2,  front  view,      x  2. 

yellow  flowers.  L.  cordata,  the  Mountain  Tway-blade,  is  a 
delicate  tiny  plant  which  has  its  home  among  the  moss 
under  deep  Heather  on  mountains.  Its  leaves  are  heart- 
shaped,  its  blossoms  extremely  small.  The  root-system  of 
LUtira  consists  of  a  bundle  of  fleshy  root-fibres  surrounding 
a  bud,  and  devoid  of  tulers. 

The  remaining  genera  of  British  Orchids,  six  in  number, 
are  represented  by  only  one  species  each.  Most  of  them 
have  already  been  mentioned  in  one  or  other  connection. 
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Of  the  three  leafless  saprophytic  kiuds,  the  Bird's-nest 
Orchis,  Neotlia  Nidus-avis,  is  easily  knowQ  by  the  pale 
brown  colour  of  its  stem  and  flower-spike,  resembling 
the  dead  beech-leaves  among  which  it  loves  to  grow.  It 
is  a  comparatively  large  plant,  attaining  a  foot  or  more  in 
height.  In  general  appearance  it  is  very  like  the  parasitic 
Broom-rapes  (Orohanche),  but  the  flower  has  all  the 
characteristic  features  of  the  Orchid.  The  Coral-root 
{Coralhrrhiza  innata)  sends  up  from  its  curious  branching 
root-stock  a  slender  greenish  stem  devoid  of  leaves  (though 
bearing  a  few  sheaths)  which  terminates  in  a  lax  spike  of 
small  whitish  flowers.  This  is  a  rare  Scottish  plant, 
growing  in  boggy  woods.  The  third  saprophyte,  Epipogum 
aphi/Uum,  is  a  pale  yellow  leafless  plant  with  flowers 
variegated  with  pink.  In  Great  Britain  its  inclusion  in  the 
flora  rests  on  a  single  station  discovered  many  years  a^o 
in  Herefordshire,  where  it  has  not  been  seen  since. 

Of  the  three  remaining  Orchids,  Liparis  Locselii,  the  Fen 
Orchis,  now  nearly  extinct,  has  a  pair  of  comjiaratively 
large  basal  leaves,  and  a  spike  of  a  few  small  whitish 
flowers.  Next  we  have  the  tiny  Bog  Orchis  {Malaxis 
■paiudoaa)  already  referred  to,  a  little  fleshy  yellowish 
plant,  found  in  clumjjs  of  Sphagnum  on  bogs  here  and 
there  throughout  the  British  Islands.  Lastly,  a  very 
different  plant  claims  our  attention — the  beautiful  Lady's- 
slipper,  Cypripedium  Calceolus.  This  plant  differs  materially 
in  structure  from  all  other  British  Orchids;  it  has  two 
stamens  instead  of  one,  and  the  whole  flower  is  constructed 
on  a  different  model,  the  labellum  being  very  large  and 
pouch-shaped.  In  our  only  British  species  the  large  and 
beautiful  flower  is  maroon,  with  a  yellow  labellum.  It  is 
a  very  rare  North  of  England  plant,  now  probably  extinct. 

Eeviewing  generally  the  distribution  of  our  Orchids,  we 
find  that  they  are  on  the  whole  a  lowland  lime-loving 
group.  Only  a  little  over  a  dozen  species  out  of  over  forty 
have  a  thoroughly  wide  distribution ;  most  of  the  others 
have  their  headquarters  in  the  south  and  east  of  England, 
where  the  chalk  prevails,  whence  some,  such  as  the 
Pyramidal  Orchis,  Bee  Orchis,  and  Autumnal  Lady's- 
tresses,  spread  outwards  for  a  considerable  distance ;  others, 
like  the  Red  Helleborine  and  Orchis  simia  and  militaris, 
being  confined  to  one  or  two  stations  within  that  area.  A 
few  {Liparis,  Spiranihes  xstivalis,  and  Mala.ris)  are  bog 
plants,  all  but  the  last  being  of  very  restricted  English 
range.  Sabenaria  albida  and  Listera  cordata  haunt  the 
uplands.  Two  species,  the  Creeping  Lady's-tresses  and  the 
Coral-root,  are  northern,  and  with  us  confined  to  Scotland. 
The  lovely  Lady's-slipper  has,  or  had,  its  home  in  the 
North  of  England. 

Lastly,  we  have  two  particularly  interesting  outlying 
species,  found  in  the  British  area  in  Ireland  alone — 
Hahenaria  intacta  and  Spiraiithes  Bomanzoffiana.  These 
at  once  arrest  the  attention  of  the  student  of  geographical 
botany  as  representing  the  two  extremes  of  our  flora — the 
furthest  limits  from  which  the  elements  which  compose 
our  present  vegetation  have  been  drawn.  H.  intacta  is  a 
characteristic  Mediterranean  species,  inhabitmg  Spain  and 
Portugal,  southern  France,  Italy,  Dalmatia,  and  Greece. 
A  wide  stretch  of  sea  and  land  separates  it  in  its  Irish 
home  from  its  next  present  habitat.  It  is  probably  a  very 
early  inhabitant  of  Ireland,  which  in  old  days  crept 
northward  along  a  former  European  shore-line  which  has 
now  long  disappeared  below  the  waves.  Here,  on  the 
warm  limestones  of  the  almost  frostless  west  of  Ireland,  it 
still  survives  in  quantity.  The  other  Ii-ish  Orchid, 
Sitiranthes  Bomanzoffiana,  has  a  very  different  origin,  but 
a  similar  tale  to  tell.  This  is  a  sub-Arctic  ])lant,  with  its 
headquarters  in  Canada  and  the  northern  United  States. 
It  has  crept  across  Behring  Sea  into  Kanitschatka,  but 
elsewhere  in  the  Old  World  it  is  known  only  in  Ireland. 


To  account  for  its  presence  here,  we  must  assume  that  land 
formerly  occupied  part  of  the  area  now  covered  by  the 
North  Atlantic  Ocean.  Perhaps  by  way  of  Greenland 
and  Iceland  the  plant  may  have  migrated  eastward ; 
possibly  the  lonely  peak  of  Rockall,  or  the  Porcupine 
liank,  represents  the  ^\Teck  of  its  former  home.  But  here, 
cut  off  by  thousands  of  miles  of  sea  from  its  nearest 
settlement,  it  grows  still,  a  living  monument  of  the  changes 
that  earth  has  seen  even  since  our  present  flora  began  to 
colonize  the  land. 


CONSIDERATIONS  ON  THE  PLANET  MARS. 

By  E.  M.  Antoniadi,  f.e  a.s. 

It  is  now  more  than  a  quarter  of  a  centiu-y  since 
Schiaparelli  called  attention  to  the  "  canal ''  s}'stem  of 
Mars,  and,  during  this  time,  thought  has  been  active  in 
framing  theories  to  accoimt  for  the  new  facts  revealed  by 
observation.  So  long  as  the  term  "  canal "  was  agnosti- 
cally  applied  to  streaks  which  united  to  one  another  the 
so-called  "  seas  "  of  the  planet,  there  could  be  scarcely  any 
improvement  on  its  choice,  and  no  objection  to  its  use. 
But  when  the  Milan  observer  spoke  of  the  "robust dikes  " 
and  "  inundations  "  of  these  "  canals,"  the  care  of  opening 
whose  locks  would  have  been  committed  to  the  Martian- 
Secretary  of  State  for  Agriculture  himself,  a  distinct  shade 
was  cast  on  the  seriousness  of  the  term  in  question. 

Two  years  had  not  elap.sed  after  the  discovery  of  the 
"  canals  "  before  the  late  Mr.  Green  urged  the  objection 
that  some  of  them  were  nothing  else  than  the  edges  of 
faint  half-tones ;  and  that,  in  such  markings,  it  was 
diftieult  to  recognise  the  earthly  attributes  of  water 
channels.  But  this  far-reachiug  remark  of  the  gifted 
English  observer  was  soon  cast  into  oblivion  before  the 
afiparently  weightier  evidence  of  Schiaparelli's  observa- 
tions, which,  for  many  years,  seemed  to  carry  everything 
before  them.  It  was  gradually  realised,  however,  that  to 
assume  the  fidl  objective  reality  of  the  Milan  residts 
implied  such  a  startling  state  of  things  on  our  ruddy 
neighbour,  that  it  was  no  longer  safe  to  follow  Schiaparelli's 
interpretations  to  the  letter.  But  no  one  ever  thought  of 
challenging  the  veracity  of  the  various  telesco]>ic  impressions 
disclosed  by  the  laborious  watches  of  the  great  Italian 
astronomer.  Slowly  and  patiently  those  results  have 
been  exhaustively  confii'med  by  the  ablest  followers  of 
Schiaparelli,  and  are  now  jwrmanently  acquired  to  science. 

We  are  indebted  to  the  abnormal  peculiarities  of  the 
"  canals "  for  that  seasonable  reaction.  Their  sudden 
shifts  of  position,  leaps,  disappearances,  reappearances, 
intensifications  and  duplications,  marked  out  the 
"canals"  as  rather  the  inconstant  vagaries  of  physiological 
phenomena  than  as  the  permanent  features  of  a  cooling 
world.  All  Martian  energy  must  necessarily  have  its 
source  in  the  sun,  since  the  presence  of  polar  snow-caps 
shows  us  the  surface  of  the  planet  to  derive  so  small  a 
quantity  of  heat  from  the  interior  as  never  to  enable  it 
to  attain,  unassisted,  the  freezing  point  of  water,  or 
perhaps  even  of  carbon  dioxide.  The  elegant  cosmogonieal 
speculations  as  to  the  youth  of  Mars  are  thus  completely 
outweighed  by  this  more  credible  observational  testimony. 

The  question  of  the  objectivity,  or  of  the  subjectivity 
of  the  "cauals"  has  frequently  been  examined,  and  often 
decided  one  way  or  the  other.  A  careless  observer  would, 
in  fact,  deem  it  more  reasonable  to  consider  the  "  canals  " 
either  as  wholly  imaginary,  or  as  wholly  real,  than  as  a 
mixture  of  both  reality  and  illusion.  He  could  speciously 
argue  that  there  must  be  one  single  cause  for  the  canal 
impression  ;  and  that,  by  tracing  the  latter  to  a  variety  of 
sourceSjOur  reasoning  becomes  unphilosophical,  and  betrays 
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car  iuability  to  deal  with  this  obscure  question.  But,  as 
ably  pointed  out  by  Mr.  Maunder  in  the  exposition  in  this 
number  of  Knowledge  of  his  most  valuable  experiments, 
we  have  now  reached  a  stage  where  we  are  certain  of  the 
existence  of  some  dusky  streaks,  and  justly  suspicious  of 
the  reality  of  others.  The  "  canal  "  named  Cerberus,  for 
instance,  is  often  as  dark  and  definite  as  a  "  sea  "  ;  its 
objectivity  is  thus  above  cjuestion,  unless,  indeed,  we 
come  to  doubt  the  very  existence  of  large  dusky  areas  on 
Mars.  Several  other  "canals" — say  one-third  of  the 
whole  number — have  also  more  or  less  strong  claims  to 
reality  ;  although  some  of  them  are  only  the  boundaries 
of  the  half-tones  to  which  Mr.  Green  has  called  attention, 
while  others,  in  accordance  with  Mr.  Maunder's  theory, 
are  an  integration  of  visible  minute,  or  still  smaller,  and 
invisible,  details.  The  philosophical  importance  of  Mr. 
Maunder's  experiments  lies  in  the  demonstration  that,  in 
order  to  appear  furrowed  with  "  canals,"  the  Martian 
deserts  require  only  an  irregular  distribution  of  any  kind 
of  minute  grey  markings.  We  need,  therefore,  no  longer 
believe  that  "  a  Martian  would  be  fifty-fold  more  efficient 
than  man,  whether  in  digging  canals,  or  in  other  bodily 
occupation";*  and  thus,  for  the  suspicious  achievements 
of  the  hardy  canal  digger,  modern  science  lias  fitly 
substituted  the  more  rational  interpretation  of  ^physiological 
principles. 

During  the  last  opposition  of  Mars,  in  the  early  spring 
of  1903,  the  writer  was  enabled  to  confirm  part  of  Mr. 
Maunder's  theory  for  two  "  canals,"  the  Oxus  and  the 
Casius,  both  of  which  were  seen  composed  of  a  congeries 
of  small  dark  spots,  a1  the  limit  of  visibility  (see  the 
annexed  Plate,  drawings  of  April  6th,  w  =  341°,  and  April 
lltli,  cu  =  260^).  These  observations  were  made  with  an 
8^-inch  reflector  by  Calver,  magnifying  292  and  408 
diameters,  the  excellence  of  whose  mirror  rendered  possible 
an  abnormally  sharji  view  of  the  "  canal  "  Oxus.  Instead 
of  uniting,  as  usual,  Margaritifer  Sinus  to  Arethusa 
Lacus,t  the  Oxus  ran,  as  in  1886,  into  Ismenius  Lacus, 
being  very  narrow  and  black  towards  the  south,  then 
swelling  out  into  a  lake-like  patch,  and  finally  fading  off 
into  Ismenius  Lacus.  Equally  objective,  though  less 
sharp,  were  the  so-called  "  canals "  Cerberus,  Cyclops, 
Hades,  Eurotas,  Nilokeras,  Nilosyrtis,  Pierius,  and  Proto- 
nilus ;  while  a  weird  black  hook,  curving  out  of  Ismenius 
Lacus  in  a  southerly  direction,  also  gave  an  overwhelming 
impression  of  reality. 

Having  thus  admitted  the  partial  objectivity  of  the 
Scliiaparellian  "  canals,"  though  carefully  avoiding  to 
consider  them  as  artificial  watercourses,  we  must  now  give 
our  reasons  for  refusing  to  accept  them  in  their  entirety. 
Doubt  arises  here  from  the  fact  that  the  Milan  observer 
has  seen  subjective  "  canals  "  on  Mercury  also  ;  and  that, 
as  shown  by  Mr.  Lowell's  planetary  observ^^tions,  and  by 
Mr.  B.  W.  Lane's  invaluable  experiments,  J  the  "canaliform 
illusion"  is  a  nonual  physiological  phenomenon.  If,  there- 
fore, non-existent  "  canals,"  as  harsh  as  the  markings  on 
the  moon,  affect  the  discs  of  other  planets,  they  are  also 
certain  to  attack  the  appearance  of  Mars ;  and  there  must 
be  a  limit  beyond  which  the  phenomena  of  the  real  Martian 
"  canals  "  are  continued,  or  imitated,  by  the  illusions  of 
prolonged  eye-strain,  if  not  of  fancy. 

If  we  inquire  into  the  relevancy  of  Mr.  Green's  inter- 
pretation for  some  "  canals,"  we  shall  find  that  it  accounts 
for  one-half  of  the  linear  markings.  Its  principle  may  be 
illustrated  by  a  representative  example.     While  in  1883- 

*  Lowell,  Mars,  p.  20.5. 

+  For  the  identification  of  the  markings  see  the  Chart  of  Mars  in 
Knowlkdob  for  Noreinber,  1902,  p.  202. 

J  Knowiedoe  for  November,  1902,  pp.  250-251. 


1884  Schiaparelli  was  seeing  the  region  called  Utopia  as  a 
yellow  triangular  area,  limited  by  black  "  canals"  (Fig.  \), 
Mr.  E.  B.  Knobel,  f.r.a.s.,  one  of  our  ablest  authorities 
on  the  planet,  was  seeing  the  same  region  intensely  shaded 
(Fig.  2). 

We  are  naturallv  curious  to  know  which  of  these  two 


Fig.  1.  Fig.  2. 

The  Region  Utopia  on  Mars,  as  seen  iii  1883-1884  by  Prof. 

SchiaparelU  and  Mr.  Knobel. 

Illustrating  the  Instrumentality  of   Contrast  in  reducing   a   Dusky 

Shading  into  a  Canal-girt  Bright  Area. 

appearances  expresses  more  truthfully  the  actual  con- 
figuration of  this  part  of  the  Martian  surface.  A  little 
consideration  will  render  it  evident  that,  since  the  dark 
area  seen  by  Mr.  Enobel  is  not  resolved  into  separate 
dusky  markings  by  Schiaijarelli,  the  Englishman's  re- 
presentation is  more  trustworthy  than  the  Italian's-  a 
result  which  implies  that  the  eye  of  Schiaparelli  is  afEected 
by  a  strong  personal  equation,  or  a  i)eculiar  physiological 
bias,  which  strains  it  to  decompose  dark  sjwts  into  more 
or  less  bright  polygons,  limited  by  black  "  canals." 

But  contrast  does  not  confine  its  action  to  the  intensi- 
fication of  the  boundaries  of  faint  half-tones.  Enjoying  a 
much  greater  generality,  it  affects  the  appearance  of ^  all 
definite  markings  of  the  surface.     A  mere  glance  thrown 


Fio.  3.— The  Syrtis  JIajor,  us  seen  by  Schiaparelli  on  1883,  June  4th.* 
Illustrating  the  Instrumentality  of  Contrast  in  breaking  up  the 
Intensity  of  a  very   Dark   Area  into  a   Pale   ijhading  limited  by 
Black  "  Canals." 

on  Fig.  3  will  suffice  to  corroborate  this  assertion.     Here 
we  have  to  deal  with  an  observation,  by  Schiaparelli,  of 

*  Memorip  Sesta,  PI.  IV.,  Fig.  10. 
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the  Hour-Glass  Sea— always  the  most  conspicuous,  and 
often  the  darkest,  area  oil  Mars— in  which  the  heavy 
shading  of  that  great  "sea"  is  shown  reduced  to  a  pale 
triangle,  bound  by  "  very  black  "  lines.*  Were  this  an 
isolated  case  it  might  have  been  argued,  with  some 
glimmer  of  probability,  that  the  limiting  "canals"  were 
real  objects.  But  the  appearance  shown  on  Fig.  3  is  only 
a  clearer  representation  than  usual  of  a  constantly  recur- 
ring phenomenon,  since  the  darkening  of  the  Martian 
"seas"  near  their  "  shores  "  has  been  invariably  one  of 
the  leading  features  of  Schiaparelli's  delineations. 

Such  a  systematic  intensification  of  the  margins  of  the 
dark  spots,  implying  as  it  does  the  incongruity,  even  if  it 
be  the  only  one  of  nomenclature,  that  the  seas  of  Mars  are 
themselves  bounded  by  canals,  cannot  correspond  at  all  to 
objective  markings  of  the  surface.  That  the  intensity  of 
the  grey  spots  is  far  from  being  uniform  no  one  will 
deny ;  but  to  maintain  that  real  differences  of  albedo  so 
manage  their  distribution  as  to  imitate  exactly  the  pheno- 
mena of  contrast,  is  to  deny  the  weight  of  philosophical 
Iirobabilities  which  have  all  the  force  of  practical 
certainties. 

These  conclusions  may  now  be  checked  by  deduction. 
If  due  to  contrast,  the  marginal  "  canal "  ought  to  be 
sharply  bounded  on  the  outside,  but  to  shade  off  more 
gradually  into  the  darker  expanse  beyond  ;  and  it  is  note- 
worthy that  this  corollary  is  in  exact  agreement  with 
Signor  Schiaparelli's  experience,  since,  speaking  of  the 
"  canal "  limiting  Syrtis  Major  on  the  following  side,  he 
says  that  "  along  Aeria,  it  was  better  defined  to  the  right 
than  to  the  left,"t  or  better  on  the  bright  side  than  on  the 
dark  one. 

The  apparent  intensification  of  all  indentations  of  the 
Martian  "  coasts "  is  another  inference  from  our  propo- 
sition, and  is  equally  in  harmony  with  experience.  Let  M 
in  the  annexed  Tig.  4  be  a  grey  area,  whose  border,  E  S, 
is  exalted  by  contrast  into  the  familiar  black   "  canal  " 


FiQ.  4 — Illustrating    the    Effect   of  Contrast    in   enhancinj;   the 
Darkness  of  the  Indentations  of  the  Martian  Coasts. 

appearance ;  and  let  us  now  consider  the  influence  of 
position  on  the  apparent  darkness  of  a  dusky  triangle, 
having  the  same  albedo  as  the  dark  spot  M.  As  long  as 
our  triangle  remains  outside  the  illusive  "  canal  "  snare,  as 
at  A,  it  is,  of  course,  indistinguishable  from  the  general 
duskiness ;  but  if  its  base  coincide  with  the  limits  m  n  of 
the  grey  spot,  as  in  B,  part  of  it  will  be  immersed  in  the 
intensification ;  and  if  again  the  triangle  be  turned  by 
180^,  the  line  m  n  o,  playing  the  part  of  a  hinge,  as  at  C, 
a  larger  proportion  of  its  perimeter  is  exposed  to  contrast, 


*  "Lince  . 
^  Ibtd.,-p  7 


molto  nere."     Memoria  Sesta,  p.  74. 


and  it  will  be  cast  at  once  into  blackness.  But  what,  may 
we  ask,  will  be  the  observer's  impression  on  the  darkness 
of  the  indentation?  Prompted  by  a  zeal  for  detecting  new 
features,  and  scrupulously  recoi'ding  every  one  of  his 
impressions,  he  will  be  a  little  biased  in  favour  of  tracing 
to  an  objective  source  all  the  facts  revealed  by  his 
exhausting  scrutiny.  He  will  not  hesitate  to  consider  the 
intensified  estuary  as  corresponding  to  a  real  difference  of 
tint ;  and  areography  will  be  enriched  forthwith  by  the 
discovery  of  a  brand  new  oasis. 

Our  apparent  knowledge  of  Mars  thus  always  exceeds 
our  real  knowledge,  and  this  conclusion  may  be  confirmed 
by  further  considerations.  When  a  disc  representing  the 
appearance  of  the  planet,  without  canals,  is  long  examined 
in  ordinary  sunlight,  the  law  of  contrast  causes  the 
borders  of  the  continents  to  appear  fringed  with  a  filiform 
whiteness,  such  as  has  been  experienced  by  all  Martian 
observers.  In  addition  to  this,  however,  the  eye  will 
detect  a  duller  and  much  broader  intensification  of  the 
"  coasts,"  which,  striking  its  roots  in  contrast  also,  runs 
parallel  to,  and  at  a  distance  from,  the  outline  of  the 
"  Maria."  The  generally  uniform  albedo  of  the  ruddy 
deserts  is  thus  also  shown  to  apipear  affected  by  physio- 
logical vagaries ;  and  the  unguarded  observer,  who 
cherishes  the  objectivity  of  his  discoveries,  will  either  lay 
stress  on  the  brightness  of  the  bordering  lands,  or  insist 
on  the  duskiness  of  the  adjoining  wilderness.  But  the 
important  point  here  is  that  the  limit  of  the  two  tints  is 
often  raised  to  a  canaliform  darkness — a  conclusion  which 
justifies  in  some  measure*  Mr.  Lane's  theory  that  "  the 
mere  shape  of  the  oceans  of  Mars  is  sufiicient  to  give  rise  to 
the  appearance  of  the  complicated  system  discovered  by 
Schiaparelli."t 

"  Canals  "  are  thus  artificially  developed  which  happen 
to  lie  in  the  same  positions  as  some  of  those  discovered  at 
Milan.  If  the  "  coast  "  is  straight  (Aeria),  the  concomitant 
"  canal "  is  also  straight  (Phison)  ;  if  the  "  coast  "  is  curved 
(Libya),  the  "  canal  "  is  also  curved  (Nepenthes)  ;  and  if 
the  dark  spot  be  oval  (Solis  Lacus),  the  bordering  '■  canal  " 
(Ayathodsemon-Phasis)  will  run  concentrically  with  the 
outline  of  its  objective  generator.  Whether  this  constitutes 
a  complete  explanation  of  the  '"  canals  "  in  question  or  not 
it  is  scarcely  wise  to  decide  ;  but  it  seemed  interesting  to 
call  attention  to  such  a  remarkable  agreement  between 
physiological  necessities  and  the  facts  of  experience.    . 

It  now  remains  to  consider  the  effect  of  contrast  on  a 
dusky  streak,  such  as  the  cigar-shaped  Mare  Cimmerium, 
w'nose  broadest  end  evaporates  into  half-tones.  Fixity  of 
gaze  should  enhance  its  edges  and  brighten  its  interior 
into  a  cometarv  impression,  exactly  as  seen  by  Schiaparelli.  J 
Then  again  the  narrow  Sinus  Sabseus  should  also  present 
itself  with  a  lighter  interior,  and  the  fleeting  visiliility  of 
Xisuthri  Eegio  is  a  literal  corroboration  of  this  statement. 
Scheria  Insula  in  1882,  and  Sirenia  in  1892,  furnish 
us  with  kindred  examples.  But  this  is  a  phenomenon 
which,  according  to  Schiaparelli  himself,  is  intimately 
related  to  gemination ;  and  it  is  ob\T.ous  that,  by  the 
forced  enhancement  of  their  edges,  all  lakes§  and  all 
broad  objective  streaks  or  "  canals  "  will  a]>pear  duplicated. 
And  thus,  by  a  mere  enquiry  into  the  laws  of  contrast,  the 

*  Of  course,  contrast  may  account  for  such  "canaU"  running 
parallel  to  the  "coasts"  a  long  way  inwards;  but  it  is  incompetent 
to  explain  "  canals "  forming  an  angle  with  them.  Hence  Mr. 
Lane's  theory  is  only  partly  confirmed  by  contrast. 

t  Knowledge  for  November,  1902,  p.  250. 

J  Cimmeria  Insula,  in  1882. 

§  The  long  examination  of  a  small  dusky  eclipse  tends  to  double  it 
into  round  spots. 
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ajjpearance  of  Pig.  5,  which  summarizes  our  solid  know- 
ledge of  the  Marfiau  surface,  may  be  conjured,  by  fixity  of 
gaze,  into  Fig.  6,  or  into  a  subjective  breakdown  of  the 


Fig.  5.  — Au  Elementary  View  of  our  Eeal  Knowlediie  of  Ita 


Fig.  6. — An  Elementary  Tiew  of  our  .Vpparent  Knowledge  of 
Mars. 

Illustrating  the  Action  of  Contrast  in  generating  "  Canaliform  " 
Sensations,  as  well  as  in  decomposing  the  Tints  of  the  Shadings,  and 
thus  probably  paving  the  way  for  the  Duplication  of  the  Markings; 

colour  of  all  spots,  as  well  as  into  a  system  of  siagle-and- 
double  canals.  It  would  perhaps  be  imprudent  to  affirm 
at  present  that  in  contrast  we  have  the  sole  and  sufficient 
e.\planation  of  gemination.  Bat  what  is  at  any  rate 
certain  is  that  it  offers  a  very  simple  interpretation  of  at 
least  a  great  many  cases  of  doubling  ;  and  that  the  writer 
fails  to  see  any  fatal  objection  to  it.  Nor  can  we  reasonably 
overlook  the  fact  that  whenever  gemination  has  been 
playing  havoc  with  the  "  canals "  and  "  lakes,"  the 
phenomena  of  contrast  have  also  been  plainly  evident  in 
the  appearances  presented  by  the  planet. 

We  are  insensibly  being  brought  to  a  standstill,  and 
future  enquiry  on  Mars  must  rather  direct  its  efforts  to 
the  differentiation  between  subjei;tive  and  objective  in  the 
known  details,  than  in  the  discovery  of  novel  complications 
and  further  developments  in  the  "  canal  "  system.  By 
a  singidar  fatality,  the  observations  made  with  ordinary 
appliances  in  the  smoky  and  troubled  atmospheres  of 
English  towns  have  always  equalled,  and  often  excelled, 
those  obtained  with  giant  telescopes  in  the  stillness  of 
elevated  deserts.  iJefinitiou  does  not,  therefore,  improve 
in  a  direct  ratio  with  an  increase  of  height  above  the  sea 
level,  whilst  an  excess  of  instrumental  power  has  itself 
proved  jsowerless  to  reveal  new  features  on  a  medal  lying 
at  the  bottom  of  a  shallow  stream. 


THE  CANALS  OF  MARS. 

By   K.   Walter  M.vundkr,  k.e.a.s. 

Just  a  year  ago  a  very  interesting  paper  under  the  above 
heading  by  Mr.  B.  W.  Lane  appeared  in  Knowledge;  in 
which  he  described  a  series  of  experiments  tending  to 
show  that  "  the  mere  shaj^e  of  the  oceans  of  JMars  is  suffi- 
cient to  give  rise  to  the  appearance  of  the  complicated 
system  discovered  by  Schiapurelli."*  Mr.  Liine's  paper 
led  to  Mr.  J.  E.  Evans,  headmaster  of  the  Royal  Hospital 
School,  Crrecnwicli,  and  myself,  undertaking  together  a 
scries  of  experiments  with  boys  in  that  school,  from  which 
some  interesting  results  have  been  obtained.     At  the  time 
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when  Mr.  Lane's  ])aper  was  published  only  a  small  pro- 
portion of  these  experiments  had  been  carried  out,  and  I 
was  not  therefore  able  to  sjjeak  as  definitely  as  I  now  can 
as  to  the  conclusions  to  be  drawn  from  them.  These 
experiments  were  supplemented  k>y  others,  made  chiefly  by 
Mrs.  Maunder  and  myself,  on  the  impressions  produced  l)y 
lines  and  dots  when  near  the  limit  of  vision,  which  further 
illustrate  the  subject. 

The  experiments  at  the  Eoyal  Hospital  School  were 
made  in  the  following  manner ; — A  class  of  about  twenty 
boys,  from  twelve  to  fourteen  years  of  age,  were  seated  in 
four  or  five  rows  at  different  distances  from  a  carefully- 
lighted  diagram,  which  they  were  told  to  copy.  The 
diagram  was  reproduced  from  some  published  drawing  of 
Mars,  but  in  nearly  every  experiment  the  canals  were 
omitted.  For  the  most  part  any  boy  was  used  in  only  one 
experiment ;  but  a  few  were  set  to  draw  the  same  diagram 
twice,  the  second  time  at  a  different  distance  from  the  first. 
The  diagram  was  generally  about  six  inches  in  diameter, 
and  the  distances  of  the  boys  from  the  diagram  ranged 
from  fifteen  to  forty  feet,  except  in  two  exj^eriments 
where  the  range  extended  up  to  sixty  feet. 

One  set  of  experiments  is  illusti*ated  in  the  accom- 
panying diagrams.  Taking  as  basis  Plate  VIII.  in  Mr. 
Lowell's  "  Marg,"  showing  the  Mare  Sirenum  and  the 
region  north  of  it,  we  arranged  three  variations  on  it,  on 
a  scale  of  about  six  inches,  and  submitted  them  to  three 
different  sets  of  boys.  The  first  variant  (Fig.  ]),  showed 
chiefly  the  "oases";  the  second  (Fig.  3),  only  the 
"canals";  the  third  (Pig.  5),  neither  "oases"  nor 
"  canals,"  but  irregular  lines.  The  results  of  an  experi- 
ment with  the  region  of  the  Syrtis  Major  as  subject  are 
illustrated  in  the  Monthli/  Notices  of  the  Eoyal  Astro- 
nomical Society,  for  June,  1903,  Plates  18  and  19. 

The  general  result  was  striking.  In  several  of  these 
experiments  nearly  all  the  boys  drew  "  canals  "  on  their 
copies,  though  there  were  none  on  the  original  from  which 
they  were  copying.  And  these  "  canals  "'  were  not  placed 
at  random  ;  they  were  just  in  the  very  places  where  canals 
are  seen  in  the  charts  of  Schiaparelii  and  Lowell  The 
boys  agreed  on  the  whole  rather  better  in  reproducing  the 
position  and  direction  of  canals  like  Phison,  Hiddekel, 
Euphrates,  and  Arnon,  which  were  not  on  the  original 
before  them,  than  in  reproducing  the  position  and  outlines 
of  large  and  prominent  markings  like  the  Syrtis  Major 
and  Sinus  SabsBus,  which  were  very  distinctly  on  the 
original. 

But  in  no  single  case,  out  of  considerably  more  than 
two  hundred  drawings,  did  we  find  a  "  canal '"  drawn, 
which  seemed  to  owe  its  origin  entirely  to  the  shape  of 
the  neighbouring  "  oceans,"  or  dark  markings.  When- 
ever the  bright  r.>gious,  the  "  continents,"  in  the  diagram, 
were  left  absolutelj'  free  from  detail  of  any  kind,  then  the 
copyists  all,  without  exception,  left  it  free  also.  We  bad 
not  a  single  instance  which  could  be  taken  as  confirming 
Mr.  Lane's  result ;  at  least  in  the  form  in  which  he  has 
expressed  it. 

This  result  must  be  talcen  as  negative  only  ;  we  have  no 
reason  to  assert  that  our  experiments  have  dis2)roved  Mr. 
Lane's,  only  that  they  have  not  confirmed  thorn.  And  au 
explanation  of  this  ditTtMvnce  in  our  re^;ults  can  be  readilv 
suggested.  Mr.  Evans  and  myself  felt  t'lat  the  whole 
value  of  our  experiments  rested  in  the  boys  being  left 
absolutely  free  from  any  suggestion,  direct  or  indirect, 
that  would  lead  them  to  suspect  tliat  there  was  something 
peculiar  in  the  diagram  which  wi'  wished  theui  to  see.  We 
could  not,  therefore,  press  them  to  keep  on  staring  at  their 
model  after  they  thought  they  had  copied  all  there  was  to  see. 
They  did  not  strain  iheir  eyesight  therefore,  and  so  did 
not  receive  any  of  the  impressions  which  strained  evesight 


250 


KNOWLEDGE 


[No^■EMBER,    1903. 


might  Lave  occasioued.  So  far,  therefore,  as  these 
experiments  of  ours  go,  we  are  not  able  to  pronounce  upon 
Mr.  Lane's,  either  for  or  against. 

Whence  then  did  the  "  canals"  come  which  were  drawn 
by  the  bovs  of  the  Hospital  School  V 

One  cause  was  the  prolongation  of  dark  indentations 
invading  the  brighter  regions.  The  Gehon  and  Hiddekel, 
for  example,  on  the  boys'  drawings  were  clearly  jiartly  due 
to  the  two  arms  of  Dawes'  Forked  Bay.  This  was  my  first 
suggestion  as  to  the  prob.».ble  true  nature  of  Schiaparelli's 
discovery,  a  suggestion  made  as  long  ago  as  1882.  But  so 
far  as  our  experiments  go  1  do  not  think  that  many  of  the 
canals  can  Ix;  explained  in  this  way.  The  Forked  Bay  au'l 
the  two  lakes  Ismenius  Lacus  and  Siloe  Fous  would  be 
enough  to  some  of  our  boys  to  show  them  Hiddekel  and 
Gehon,  but  not  to  the  majority. 

A  more  fruitful  source  of  the  "  canals  "  was  the  intro- 
duction of  regions  slightly  darker  or  slightly  brighter  than 
their  surroundings.  Meroe  Island  figured  as  an  exam]jle 
in  the  first  category,  Elysium  as  one  in  the  second,  in 
two  different  experiments.  And  no  one  could  wish  for 
straight er  and  sharper  "canals'"  than  were  drawn  by  a 
good  proportion  of  the  boys  to  express  these  regions.  A 
few  put  in  shading,  fewer  still  put  in  shading  and  drew 
also  a  dark  canal  as  its  boundary.  There  can,  I  think, 
be  no  reasonable  doubt  that  Mr.  Green,  when  in  1879  he 
suggested  that  the  borders  of  faint  shadings  might  have 
given  rise  to  some  of  the  canals,  pointed  out  a  cause  not 
only  equal  to  producing  such  an  effect,  Init  one  that  does 
so  in  reality. 

Another  cause  which  proved  decidedly  effective  was  the 
tendency  of  the  eye  to  join  together  two  small  spots, 
where  these  were  not  too  small  to  be  separately  seen,  by 
a  wholly  subjective  line.  But  the  cause  which  was 
the  most  effective  within  the  limits  of  our  experi- 
ments with  the  Hospital  School  boys  was  the  way  in  which 
the  eye  summed  up  together  minute  irregular  markings, 
each  too  small  to  be  separately  perceived  as  straight 
streaks.  An  examination  of  the  drawings  with  reference 
to  the  placing  of  the  boys  rendered  this  very  evident. 
At  fifteen  or  seventeen  feet  the  boys  were  near  enough  to 
detect  some,  if  not  all,  of  the  minuter  details  as  separate 
entities,  and  hence  drew  few  canals.  At  thirty-five  or 
thirty-eight  feet  these  details  were  for  the  most  part  too 
small  to  produce  any  effect,  even  in  the  gross,  and  there- 
fore the  boys  here  also  drew  few  if  any  canals.  But 
between  these  two  extremes  nearly  every  boy  drew  canals. 
Halfway  between  them  every  boy  without  exception  saw 
"  canals."  For  here,  whilst  the  details  were  each  one 
separately  invisible,  they  were  yet  capable  of  creating  in 
the  sum  a  distinct  impression. 

And,  seen  at  this  distance,  it  was  very  striking  to  see 
how  the  eye,  as  it  were  "took  the  average"  of  all 
irregularities.  Tsvo  irregular  wavy  lines  drawn  so  as  to 
cross  each  other,  took  form  as  a  beautiful  "  oasis  "  with 
four  straight  canals  radiating  from  it.  Lines  as 
meandering  as  the  Thames  or  Trent  with  their  tributaries 
on  a  map  of  England,  straightened  out  as  rigidly  as  the 
Phison  or  Euphrates  on  Lowell's  chart.  If  Mr.  Lane's 
effects  were  never  secured  with  an  entirely  blank 
'•  continent,"  it  was  astonishing  to  see  how  eifectively 
three  or  four  dots,  absolutely  invisible  at  the  distances 
occupied,  would  suffice  to  make  those  effects  plain.  Nor 
was  it  at  all  necessary  that  the  dots  should  be  put  in  a 
straight  line  where  the  canal  ought  to  run.  They  might 
wander  fi'om  it  a  good  deal  on  either  side,  if  only  tlie  mean 
line  between  them  ran  in  the  right  direction. 

It  may  be  objected  that  very  little  has  been  gained  if 
we  recognise  that  the  canals  are  either  the  edges  of  half- 
tone districts,  or  the  summation  of  very  minute  details. 


The  general  distribution  of  the  true  markings  on  the 
]ilanet  must  approximate  to  that  shown  on  the  charts  of 
Schiaparelli    and   Lowell,  and  the  details   if   not  straight 


Fig.  1. — Original, 
onlv. 


Fig.  2.—  C'opv  of  Fig.  1  at  distance 
■  23  feet. 


Fig.  .3.  —Original.     "  Canals  "        FiG.  4.  -Copy  of  Fig.  3  at  distance 
only.  22  feet. 


Fig.  5. — Original.     Irrpgnlar  Fig.  6  — Copv  of  Fig.  .'5  at  distance 

lines.  '33  feet. 


Fig.  7.— Copy  of  Fig.  5  at  d 
tance  24  feet. 


Fig.  8. — Copy  of  Fig.  1  at  dis- 
tance 28  feet. 


Tlie  Region  of  the  Mare  Sireniim  (with  variations). 

lines  in  their  ultimate  conceivalile  resolution  are  at  least 
straight  lines  to  the  eye. 

But  the  gain  is  really  great.  For  so  long  as  we  conceive 
of  that  elaborate  reticulation  as  being  a  true  feature  of  the 
actual  surface  of  the  planet,  we  can  hardly  escape  from 
Mr.  Loweirs  induction.     Lines  so  straight,  so  formal,  so 
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uniform  in  width,  so  regular  in  their  intersections,  so 
synuuetrical,  with  dark  spots  so  inevitably  marking  their 
intersections,  must  be  accounted,  as  he  accounts  them, 
artificial ;  the  handiwork  of  intelligent  beiags.  But  if 
actual  details  of  perfectly  irregular  and  unsymmetrical 
character,  details  having  no  sign  of  artificiality  about  them, 
can  present  exactly  the  appearance,  and  make  just  the 
impression  which  the  network  of  the  canal  system  does, 
the  argument  for  the  existence  of  inhabitants  on  Mars  has 
vanished.  We  are  freed,  too,  from  the  necessity  of 
considering  such  Ijizarre  theories  as  would  make  out  the 
planet  to  have  been  scored  into  its  jtresent  form  by 
grazing  meteorites,  or  to  have  assumed  it  through 
crystallization.  To  have  been  set  free  from  the  grotesque 
in  oliservation  is  to  have  been  freed  also  from  the 
grotesque  in  speculation. 

This  service  I  think  the  drawings  of  the  Hospital  School 
boys  have  effectually  rendered  to  us.  They  have  shown 
that  perfectly  unbiased  observers  will  see  and  draw  the 
Schiaparellian  canals  when  the  actual  markings  presented 
to  them  are  as  little  regular  and  artificial  as  any  which  our 
own  earth  might  jjresent  to  an  outside  spectator. 

I  do  not  think  we  need  claim  more  for  these  experiments 
than  this  ;  a  complete  explanation  of  the  canal  system 
would  proliably  involve  other  factors  than  those  indicated 
above.  Thus  a  most  able  letter  by  M.  Antoniadi,  which 
appeared  in  the  Enylish  Mechanic  for  July  31st,  1903, 
sums  up  the  canal-imjjressiou  uuder  five  heads : — 

"  {a)  Entirely  physiological  niarkiiios,  like  those  seen  by  Mr. 
Lowell  ou  other  planets,  by  myself  ou  Mars,  and  by  Mr.  Lane  on 
his  artificial  tlises. 

"  (A)  Subjective  lines,  generated  by  the  topographical  details. 

"  (c)  Edges  of  physiological  half-tones,  begotten  by  contrast. 

"  {d)  Edges  of  objective  half-tones,  arising  from  the  same 
reason.     And 

"  (e)  Ineontestably  real  canals,  which,  were  we  to  see  Mars 
betfer,  would  resolve  themselves  into  groups  of  knotted  or  unevenly 
shaded  areas." 

This  classification  cannot  be  mucii  bettered  with  our 
present  knowledge.  I  should  myself  give  the  first  place  to  b 
as  the  most  fruitful  source  of  canals,  and  the  next  to  d, 
these  two  classes  being  those  with  which  our  Greenwich 
experiments  were  concerned.  The  two  physiological  classes, 
(/  and  c,  were  not  inchided  in  our  work.  But  I  ain  inclined 
to  think  that  they  are  intimately  combined  with  the  others 
in  producing  the  canal  system  as  we  know  it ;  and  that  its 
geometrical  appearance  is  largely  due  to  them.  In  the  last 
class  e,  I  should  myself  prefer  to  withhold  the  name 
"canal"  from  features  which,  like  Nasmyth  Inlet  and 
Hugguis  Inlet,  were  well  known  long  before  the  canal 
system  as  such  had  its  commencement.  I  well  remember 
that  my  first  disposition  to  be  sceptical  of  Schiaparelli's 
discoveries  arose  from  the  fact  that  he  drew  so  many  canals 
which  I  could  not  see  at  all  as  bi'ing  e(|u;illy  distinct  with 
Nasmyth  Inlet  which  I  had  seen  con.^pifiMusly.  That  may 
have  liei'n  a  bit  of  personal  bias,  but  1  think  it  is  clear  that 
whilst  the  canal  system  as  a  whole  must  be  considered  as 
subjective  ouly,  same  markings  which  have  been  included 
in  it  have  been  too  thoroughly  well  defined  to  be  anything 
but  roil.  At  the  present  moment  the  most  interesting 
feature  with  regard  to  the  entire  discussion  is  the  tendency 
of  the  ablest  and  most  favourably  circumstanced  observers 
to  see  the  chief  canals  no  longer  as  straight  uniform  lines, 
but  as  close  sequences  of  spots,  as  if  an  approach  had  been 
made  to  their  complete  resolution.  It  is  now  a  quarter  of 
a  century  since  the  canals  as  such  were  first  introduced  to 
us.  It  may  well  be  that  the  next  quarter  of  a  century  may 
see  such  an  advance  that  ere  its  close  we  may  have  detected 
the  actual  lomponent  details  of  what  we  now  consider  as 
str.iijdit  hues,  and  that  therefore  the  canals — as  such — 
may  have  entirely  disappeared 


MODERN     COSMOGONIES. 

By  Agnes  M.  Clerke. 

v.— THE    FISSION    OF    ROTATING    GLOBES. 

Few  people  need  to  be  told  that  a  rotating  fluid  mass  is 
shaped  very  much  like  an  orange.  It  assumes  the  form  of 
a  compressed  sphere.  And  the  reason  for  its  compression 
is  obvious.  It  is  that  the  power  of  gravity,  being  partially 
neutralised  by  the  centrifugal  tendency  due  to  axial  speed, 
gains  progressively  from  the  poles,  where  that  speed  has 
a  zero  value,  to  the  equator,  where  it  attains  a  maximum. 
Here,  then,  the  materials  of  the  rotating  body  are  virtually 
lighter  than  elsewhere,  and  consequently  retreat  furthest 
from  the  centre.  The  "  figure  of  equilibrium "  thus 
constituted  is  a  spheroid,  a  body  with  two  unequal  axes. 
In  other  words,  its  meridional  contour — that  passing 
through  the  poles — is  an  ellipse  ;  while  its  equator  is 
circular. 

Now  we  know  familiarly,  not  only  that  a  spinning  sphere 
becomes  a  spheroid,  but  that  the  spheroid  grows  more 
oblate  the  faster  it  spins.  The  flattened  disc  of  .Jupiter, 
for  instance,  compared  with  the  round  face  of  Mars,  at 
once  suggests  a  disparity  in  the  rate  of  gyration.  But 
there  must  bo  a  limit  to  the  advance  of  bulging,  or  the 
spheroid,  accelerated  (xcZ  i)ifiintiim,v!ould  a.i  last  cease  to 
exist  in  three  dimensions !  Clearly  this  unthinkable 
outcome  must  be  anticipated ;  at  some  given  point  the 
process  of  deformation  must  be  interrupted.  A  breach  of 
continuity  intervenes  ;  the  train  is  shunted  on  to  a  branch 
line.  Nor  is  it  diflicult  to  divine,  in  a  general  way,  how 
this  conies  to  pass.  Equilibrium,  beyond  doubt,  breaks 
down  when  rotation  attains  a  certain  critical  velocity, 
varying  according  to  circumstances,  and  the  spheroid 
either  alters  fundamentally  in  shape,  or  goes  to  pieces. 

So  much  plain  common  sense  teaches ;  yet  the  precise 
determination  of  the  course  of  events  is  one  of  the  most 
arduous  tasks  ever  grappled  with  by  mathematicians. 
M.  Poincarc  essayed  it  in  1885*  ;  it  was  independently 
undertaken  a  little  later  by  Professor  Darwiuf  ;  and  the 
subject  has  now  been  prosecuted  for  eighteen  years,  chiefly 
by  these  two  eminent  men,  with  a  highly  interesting 
alternation  of  achievement,  one  jiicking  up  the  thread 
dropped  by  the  other,  and  each  in  turn  penetrating  some- 
wdiat  further  into  the  labyrinth.  The  results,  nevertheless, 
are  still  to  some  extent  inconclusive  ;  they  indicate,  rather 
than  indite,  the  genetic  history  of  systems.  A  strong 
light  is,  indeed,  "thrown  upon  it ;  but  in  following  its 
guidance,  the  limitations  of  the  enquiry  have  to  be  borne 
in  mind.  The  chief  of  these  are,  first,  that  the  assumed 
spheroid  is  liquid;  secondly,  that  it  is  homogeneous. 
Neither  of  these  conditions,  however,  is  really  prevalent  in 
nature,  so  that  inferences  based  upon  them  can  only  be 
accepted  under  reserve.  They  were  adopted,  not  by  choice, 
but  through  the  necessities  of  the  case.  There  was  no 
possibility  of  dealing  mathematically  with  bodies  in  any 
other  than  the  liquid  state.  The  equilibrium  of  gaseous 
globes  defies  treatment, except  under  arbitrary  restrictions.* 
Nor  is  it  possible  to  copj  with  the  intricacies  of  calcula- 
tion introduced  by  variations  of  interior  density.  Cosmical 
masses,  as  they  actually  exist,  are  n^>vertheless  strongly 
heterogeneous,  so  that,  at  the  utmost,  only  an  approxima- 
tion to  the  genuine  course  of  their  evolution  can  be  arrived 
at  by  the  most  skilful  analysis.     Yet  even  an  approximate 


•  "  Acta  Mathematical"  Vol.  VII.,  Stockholm,  1886. 
t  Proc.  Itoiial  Soeieii,;  Vols.  XLII.,  LXXI. ;  Phil.    Trnus.,  Vols. 
C.XCVIII.,  C'XCIX.,  Series  A. 
I   J.  H.  Joans,  Phil.  Trans.,  Vol.  CXCIX.,  A.,  p.  I. 
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solution  of  sucb  a  problem  is  of  profound  interest.  We 
can  here  only  attempt  briefly  to  specify  its  nature. 

The  overthrow  of  equilibrium  in  a  rotating  liquid 
spheroid  has,  at  any  rate,  beeu  satisfactorily  tracked. 
AVheu  its  gyration  quickens  to  a  disruptive  pitch,  it  acquires 
three  unequal  axes  instead  of  two.  The  equator  becomes 
elliptical  like  the  meridians.  A  "  Jacobian  ellipsoid "  is 
constituted.  This  new  form  seems  to  have  had,  in  growing 
systems,  a  long  spell  of  stability ;  only  its  major  axis  be- 
came more  and  more  protracted  as  cooling  progressed,  and 
with  cooling,  contraction,  and  with  contraction,  the  increase 
of  axial  velocit\-.  Then  at  last  a  crisis  supervened  ;  there 
was  a  collapse  of  equilibrium,  and  its  re-establishment  in- 
volved the  sacrifice  of  the  last  vestige  of  symmetry.  An 
"  Apioid  ■'  or  pear-shaped  bod}'  replaced  the  antecedent 
ellipsoid ;  and  its  apparent  incipient  duality  suggested  to 
M.  Poiucarc  that  the  furrow  unequally  dividing  it  might 
have  deepened,  with  still  accelerated  gyration,  into  a  cleft, 
splitting  the  primitively  single  mass  into  a  planet  and 
satellite.  But  this  eventuality,  he  was  careful  to  note,  had 
no  direct  bearing  on  Laplace's  hypothesis,  which  dealt  with 
a  nebula  condensed  towards  the  centre,  while  the  fissured 
apioid  was  liquid  and  homogeneous.* 

Professor  Darwin  followed  out  the  conditions  of  this 
remarkable  pear-shaf)ed  body  to  a  closer  degree  of  approxi- 
mation than  its  original  investigator  had  done,  and 
succeeded  in  virtually  demonstrating  its  stabihty.  His 
analysis,  however,  tended  to  smooth  away  the  characteristic 
peculiarities  of  its  shape,  and,  so  far,  to  diminish  the  pro- 
bability of  its  ultimate  disruption.  Mr.  Jeans,  on  the 
other  baud,  from  an  elaborate  study  of  a  series  of  cigar- 
shaped  figures  which  in  theory  follow  a  parallel  course  of 
development  to  that  pursued  by  ellipsoids,  derived,  by 
strict  mathematical  reasoning,  the  actual  separation  of  a 
satellite  from  one  end  of  a  parent-cylinder.  The  repre- 
sentative figures  reminded  Professor  Darwin  •'  of  some 
such  phenomenon  as  the  protrusion  of  a  filament  of  proto- 
jilasm  from  a  mass  of  living  matter."  "In  tliis  almost 
life-like  process,"  he  saw  "  a  counterpart  to  at  least  one 
form  of  the  birth  of  double  stars,  planets,  and  satellites. "f 

But  the  resemblance,  when  examined  dispassionately, 
seems  shadowy  and  evasive  ;  nor  can  we  be  sure  that  it 
extends  to  the  case  of  double  stars.  Here,  indeed,  an 
entirely  different  set  of  conditions  comes  into  play  from 
that  postulated  by  Poiucarc  and  Dar^vin,  since  stars  are 
certainly  not  liquid  bodies.  They  are  most  likely  gaseous 
to  the  core ;  though  the  indefinite  diffusiveness  incident 
to  gaseity  is  restricted  by  their  condensed  photosi>heric 
surfaces.  This  circumstance  intimates  the  possibility  that 
the  results  arrived  at  for  liquid  globes  by  mathematical 
analysis  may,  with  qualifications,  be  extended  to  stars ; 
Init  the  necessary  qualifications,  unfortunately,  are  vague 
and  large;  for  too  little  is  known  regarding  the  physical 
condition  of  stellar  spheres  to  warrant  assumptions  that 
might  provide  a  secure  basis  for  research.  The  evolution  of 
binary  stars  can  then  only  be  treated  of  infereutially,  not 
rigorously  ;  and  we  must,  at  the  outset,  discard  the  idea 
that  it  is  illustrated  by  the  phenomena  of  double  nebulas. 
Many  such  objects,  thought  to  supply  clinching  visual 
arguments  for  the  actual  effectiveness  of  slow  cosmic 
fission,  proved,  on  the  application  to  them  of  the  late 
Prof.  Keeler's  searching  photographic  methods,  to  be 
knots  on  spiral  formations.  Their  mutual  relations  are 
then  entirely  different  from  what  had  been  su]iposed  by 
telescopic  observers  ;  they  are,  in  fact,  still  strueturallV 
connected,  and  the  mode  of  tbeir  origin,  however  inviting 
to  conjecture,  scarcely  comes  within  the  scope   of  exact 


*  "  Figures  d'Equilibre  d'une  Masse  Fluide,' 
t  P'or   li:i/.  Societj/,  Vol.  LXXI.,  p.  183. 
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enquiry.  Their  future  destiny  is  no  more  accessible  to  it 
than  their  past  history  ;  and  only  by  a  daring  flight  of 
imagination  can  we  see  in  spiral  nebulae  the  prototypes  of 
double  stars. 

Questions  as  to  the  mode  of  genesis  of  these  latter 
systems  have,  in  recent  years,  acquired  extraordinary 
interest.  Conclusive  answers  cannot,  indeed,  at  present 
be  given  to  them,  because  the  terms  in  which  they  are 
couched  lack  definiteuess  owing  to  our  lack  of  knowledge  ; 
but  probable  answers  may  legitimately  supply  their  place, 
at  least  ad  interim,  especially  when  their  [)robal)ility  is 
heightened  almost  to  certainty  by  the  accumulation  of 
circumstantial  evidence. 

Observations  and  investigations  of  stellar  eclipses  have 
created  a  new  department  of  astrophysics,  and  have  vastly 
widened  the  domain  of  cosmogony.  For  they  have 
brought  to  notice  a  number  of  systems,  not  merely  in  a 
primitive,  but  seemingly  in  an  embryonic  stage  of  develoj)- 
ment.  The  periods  of  occulting  stars  are  nearly  all  of 
less  than  seven  days,  although  one  extending  to  thirty-one 
has  lately  been  recognised  ;  and  the  comparative  length  of 
the  intervals  of  obscuration  shows  them  to  be  produced  by 
the  circulation  in  narrow  orbits  of  voluminous  globes. 
These  are  characteristic  symptoms  of  juvenility:  since,  as 
we  have  seen,  orbits  widen  and  periods  lengthen  with  the 
eiflux  of  time,  through  the  frictional  power  of  bodily 
tides.  Now  the  class  of  stars  which  obviously  and 
certainly  undergo  eclipses  has  some  outlying  members  of 
a  still  dubious  nature.  And  their  critical  position  serves 
greatly  to  enhance  the  present,  the  prospective,  and  the 
retrospective  interest  attaching  to  them.  These  remarkable 
objects  vary  in  light  continuously.  Their  phases  are  not, 
like  those  of  Algol,  mere  interruptions  to  a  regular  course 
of  steady  shining.  They  progress  without  a  moment's 
sensible  pa'ise ;  they  are  rejiresented  graphically  by  a 
smoothly-flowing,  symmetrical  curve.  The  eclipses  by 
which  they  are  occasioned — if  they  are  so  occasioned — 
must,  accordingly,  succeed  each  other  in  a  strictly  un- 
broken series.  No  sooner  has  one  terminated  than  the 
next  commences.  One  star  passes  first  behind,  then  in 
front  of  its  companion,  and  their  combined  brightness  is 
seen  uudimmed  only  during  the  few  moments  of  actual 
maximum.  This  means  that  they  revolve  in  contact ;  they 
are  separated  by  no  sensible  gap  of  space. 

Goodricke's  variable,  |3  Lyree,  is  held  to  be  thus  con- 
stituted. The  possibility,  at  any  rate,  of  employing  the 
"  satellite-theory  "  to  account  for  its  changes  was  demon- 
strated some  years  ago  by  Mr.  G.  W.  Myers,  of  Indiana.* 
He  found  the  system  to  be  composed  of  two  barely  separated 
ellipsoids,  circulating  in  the  visual  plane,  and  producing, 
by  their  successive  transits,  two  unequal  eclipses  in  the 
course  of  each  period  of  1291  days.  The  joint  mass  of 
the  pair  is  just  thirty  times  that  of  our  sun  ;  but  their 
mean  density  has  the  almost  incredibly  small  value  of 
J2V0  that  of  water.  Their  real  existence  is  conditional 
upon  the  possibility  that  masses  much  more  tenuous  than 
atmospheric  air  should  radiate  with  the  intensity  of  true 
suns.  Spectroscopic  observations  are  not  wholly  un- 
favourable to  Mr.  Myers's  hypothesis,  but  their  inter- 
pretation is  hampered  by  discrepancies  so  numerous  and 
perplexing  that  no  secure  inference  can  he  derived  from 
them.  Moreover,  the  star  supposed  to  be  alone  presented 
to  view  at  the  principal  minimum  is  that  giving  the  bright- 
line  spectrum;  yet  it  is  compulsorily  assumed,  in  order  to 
meet  the  exigencies  of  the  situation,  to  be  much  more 
massive,  while  much  less  intrinsically  bright  than  its 
companion.  This  is  disquieting ;  but  nearly  everything 
connected  with  /i  Lyrae  is  more  or  less  disquieting. 


*  Astrophysical  Journal,  Vol.  Til ,  p.  1. 
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A  variable  of  the  same  tyjie,  but  much  faiuter,  was  made 
tlie  subject  of  a  similar  enquiry  by  Mr.  Myers  in  1898.* 
U  Pegasi  never  attains  ninth  magnitude ;  hence  spectro- 
scopic complications  equally  with  spectroscopic  verification 
remain  at  present  out  of  sight.  The  star,  nevertheless, 
excites  keen  interest,  and  claims  sustained  attention.  Its 
light-i'urve  has  been  laiil  down  with  exquisite  accuracy-  at 
Harvard  College,  and  shows  two  slightly  unequal  minima 
to  be  comprised  within  a  period  of  nine  hours,  signifying, 
on  the  adopted  theory,  the  occurrence  of  alternating 
eclipses  at  intervals  of  4^  hours.  The  distance  from 
centre  to  centre  of  the  occulting  stars,  the  smaller  of  which 
is  of  about  eight-tenths  the  brightness  of  the  larger, 
"  does  not  materially  differ,"  Mr.  Myers  tells  us,  "from 
the  sum  of  their  radii,  suggesting  the  probable  existence 
of  the  '  apioidal '  form  of  Poiucarc."  If  they  do  not 
actually  coalesce,  the  component  bodies  revolve  in  contact, 
and  rotate  synchronously.  Thus  it  is  hard  to  say  whether 
U  Pegasi  should  be  accounted  as  a  single  pear-shaped  mass 
spinning  in  the  time  of  light-change,  or  as  a  close  couple 
circulating  freely  in  an  identical  period.  The  mean  density 
of  the  system  appears  to  lie  between  one-third  and  one- 
fourth  that  of  the  sun. 

Another  specimen  of  the  "  dumb-bell "  system  is 
perhaps  met  with  in  R^  Centauri.  The  narrow  range  of 
its  variation  makes  it  a  delicate  object  to  observe ;  but 
Mr.  A.  W.  Roberts,  who  first  noticed  its  peculiarity  in 
1896,  has  since  accumulated  an  extensive  series  of  wonder- 
fully accurate  visual  determinations  of  its  fluctuating 
brightness,  and  has  besides  rendered  them  the  basis  of  an 
able  and  exhaustive  theoretical  discussion. f  The  double 
pci-idcl  of  R-  Centauri  is  restricted  to  1-lh.  32m.  Within 
this  !)rief  span  quadruple  phases  are  included — that  is  to 
say,  two  evenly-balanced  maxima,  and  two  inconsiderably 
disparate  minima.  These  result,  Mr.  Roberts  concludes, 
from  the  mutual  eclipses  of  interpenetrating  ellipsoids,  one 
somewhat  more  luminous  than  the  other,  revolving — if 
they  can  properly  be  said  to  revolve — in  an  orbit  inclined 
'S2'^  to  the  visual  plane.  They  are  of  just  one-third  the 
solar  density,  and  the  forms  satisfying  photometric 
requirements  by  the  varying  areas  of  luminous  surface 
presented  to  sight  in  different  sections  of  their  path  show 
a  surprising  agreement  with  the  bi-prolate  figure  given  by 
Prof.  Darwin's  analysis  as  the  shape  of  a  body  on  the 
verge  of  disruption  through  accelerated  rotatory  move- 
ment. The  inference  is,  then,  almost  irresistible  that  R° 
Centauri  really  exemplities  the  nascent  stage  of  binai-y 
stars.  To  establish  this  completely,  however,  spectroscopic 
data  are  needed  ;  and  they  are  difficult  to  procure  for  a 
star  below  the  seventh  magnitude. 

No  such  obstacle  impedes  the  investigation  of  the  analo- 
gous, but  much  brighter  star  V  Puppis.  Detected  as  a 
spectroscopic  binary  by  Prof.  Pickering  in  1895,  this  star 
traverses  so  wide  an  orbit  in  the  short  period  of  thirty-five 
hours  as  to  imply — if  the  published  details  are  correct  — 
that  the  pair  possess  no  less  than  348  times  the  gravita- 
tional power  of  the  sun.  They  are,  nevertheless, 
according  to  Mr.  Roberts,  fifty  times  more  tenuous,  and 
each  globe  should  have  a  diameter  of  about  16i  million 
miles  ;  all  which,  though  startling,  is  not  incredible.  The 
light-curve  of  V  Puppis,  as  traced  by  Mr.  Roberts,  is  closely 
modelled  upon  that  of  U  I'egasi.  And  he  postulates 
similar  conditions  of  eclipse.  It  rests,  however,  with  the 
spectroscope  to  determine  whether  those  conditions  are 
realised  or  not. 

Probably  all  short-period  variables  are  binaries,  with 
coincident  orbital-  aud  light-cycles.     But  all  are  not  occul- 


*  Astrophi/sical  Journal,  Vol.  VIII.,  p.  163. 
t  MontJilii  Notices,  Vol.  LXIII.,  p.  627. 


ting  binaries.  There  are  some — we  are  still  ignorant  of 
their  pr<i]M)rtionate  numbers — which  undergo  a  course  of 
light-ebange,  apparently  compatible  with  an  occulting 
hypothesis,  yet  certainly  escape  eclipse.  Prof.  Campbell 
has  made  it  unmistakably  cleir  that  ?  Geininorum  is  thus 
constituted.*  Two  stars  are  present,  but  their  plane  of 
motion  is  inclined  at  an  unknown  angle  to  the  line  of 
sight ;  it  does  not  ajsproximate  to  coincidence  with  it. 
Now  the  possibility  is  not  excluded  that  V  Puppis  belongs 
to  the  same  class.  Mr.  Roberts's  assumptions  are  indeed 
in  themselves  extremely  plausible,  and  they  may  at  an}' 
moment  be  pri)ved,  by  a  few  well-timed  spectrographs  to 
be  undeniably  true.  The  one  conclusive  test  is  the  cessa- 
tion of  radial  movement  at  epochs  of  minimum.  Evidently, 
if  the  diminution  in  lustre  be  in  fact  due  to  an  eclipse,  the 
eclipsing  and  eclipsed  bodies  must  be  crossing  the  line  of 
sight  just  when  the  obscuration  is  deejjest.  There  is  no 
evading  this  geometrical  requirement  ;  and  it  must  be 
rigorously  complied  with  in  the  circular  orbits  traversed 
by  bodies  revolving  in  contact.  Before,  then,  Mr.  Roberts's 
theory  of  V  Puppis  can  be  accepted  with  implicit  con- 
fidence, it  has  to  be  ascertained  whether  a  zero  of  radial 
speed  is  reached  concurrently  with  the  jshotometric  minima. 
If  so,  they  may  be  unhesitatingly  accounted  eclipse- 
phenomena  ;  if,  on  the  contrary,  the  decline  in  brightness 
prove  to  1)8  unrelated  to  a  slackening  of  speed,  then  the 
supposition  that  it  accompanies  and  indicates  a  transit  must 
be  peremptorily  discarded.  Moreover,  the  spectroscopic 
verdict  as  regards  V  Puppis  can  safely  be  applied  to  stars 
with  similar  light-curves,  especially  to  R-  Centauri  and 
U  Pegasi,  and  may  serve  to  clear  away  some  of  the  intri- 
cacies connected  with  the  exceptional  system  of  [i  Lyra;. 
The  measurement  of  a  single  speetrographic  plate  might 
thus  be  made  essentially  to  supply  the  lack  of  many 
desirable,  but  at  present  unattainable,  determinations. 

The  existence  of  stellar  systems  of  the  "  dumb-bell " 
type  would  violate  no  mechanical  law.  "  Roche's  limit " 
does  not  apply  to  globes  comparable  in  size.  The  range 
of  disjjarity  within  which  it  holds  good  has  not,  it  is  true, 
been  theoretically  established  ;  but  it  may  be  said,  in 
general  terms,  to  concern  the  relations  of  planets  and 
satellites  (to  use  a  purposely  vague  phrase),  not  those  of 
double  stars.  What  the  law  asserts  is  that  a  subordinate 
small  body  cannot,  if  their  mean  density  be  the  same,  re- 
volve intact  at  a  less  distance  than  244  radii  of  its  primary 
from  that  primary's  centre.  For  satellites  of  slighter 
consistence  the  limit  should  be  extended.  Ourownmoou, 
for  instance,  i^ould  never  have  circulated,  without  being 
rent  in  pieces  by  tidal  strains,  in  an  orbit  less  than  22,00t) 
miles  in  diameter. f  Bodies  of  co-ordinate  mass  are, 
however,  exempted  from  the  prohibitive  rule  against 
mutual  approach.  No  analytical  veto  is  imposed  upon 
the  origin  by  fission  of  double  stars,  or  upon  the  subsis- 
tence of  stellar  Siamese  twins.  The  inequalities  in  attrac- 
tive power  of  co-ordinate  masses  avail  for  distortion,  not 
for  disruption.  Their  individuality,  therefore,  once  created, 
is  in  a  manner  indestructible.  It  tends,  in  fact,  to  'oecome 
more  pronour.ced  as  the  orbital  span  gradually  widens 
through  tidal  friction.  The  "  dumb-bell  "  condition  may, 
accordingly,  be,  comparatively  speaking,  transitory.  Nor 
can  we  be  assured  of  its  subsistence  otherwise  than  by  the 
peculiar  nature  of  the  eclipses  attending  upon  it,  taken  in 
connection  with  spectroscopic  observations  of  decisive 
import.  The  disclosure,  by  such  means,  of  systems  so 
strangely  conditioned,  affords  a  deejier  insight  than  would 
else  have  been  possible  into  the  cosmical  order,  and  fills  a 
blank  page  in  the  genetic  history  of  the  sidereal  world. 

•  Aslroph.  Jour.,  Vol.  XIII.,  p.  90;  Science,  July  27tli,  1900. 
t  Ot.  H.  Darwin,  "  Tho  Tides,"  p.  325. 
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AsTEONOMicAL. — Auotlier  contribution  to  the  study  of 
the  relation  lietween  solar  activity  and  terrestrial  magnetism 
was  set  fortli  by  Father  Cortie  in  a  jiaper  read  at  the  recent 
meetins;  of  the  British  Association  The  point  to  which 
special  attention  was  given  was  to  determine  if  large  and 
violently  eruptive  prominences,  in  the  absence  of  spots, 
were  responded  to  by  magnetic  disturbances,  and  from  a 
discussion  of  the  prominence  observations  for  the  years 
1887-8?^  it  was  found  that  in  no  single  case  could  a 
magnetic  storm  be  definitely  associated  with  any  particular 
pi-ominence  outburst,  while  great  eruptive  prominences 
occurred  with  no  accompanying  magnetic  storm.  It  is 
concluded  that  the  earth's  magnetism  is  not  affected 
directly  by  any  particular  spot  or  prominence,  but  by  the 
general  disturbance  of  the  suq  and  his  surroundings. 

In  an  interesting  letter  to  The  Observafory,  Mr.  J.  E. 
Gore  draws  attention  to  a  description  of  Sirius  given  by 
Al-Sufi,  the  Persian  astronomer  in  the  tenth  century.  It 
is  stated  that  "  the  Arabians  call  the  brilliant  and  great 
star  which  is  in  the  mouth  al-schira  al-ahnr,  Sirius  which 
has  passed  across.  ...  It  is  called  ul-abur  because  it  has 
passed  across  the  Milky  Way  into  the  southern  region." 
Mr.  Gore  points  out  as  a  remarkable  fact  that  the  proper 
motion  of  Sirius  (l''-31  per  annum  in  the  direction  of 
position  angle  204^)  would  have  carried  it  across  the 
Milky  Way  in  about  (lO.OOO  years,  and  suggests  that  a 
mythological  story  related  by  Al-Sufi  as  to  why  Sirius  fled 
towards  the  south  may  be  based  on  a  tradition  of  Sii'ius 
having  been  seen  on  the  opposite  side  by  men  of  the  Stone 
Age.  At  all  events,  the  Arabic  name  al-ahur  denotes  an 
actual  fact.  Al-Snfi  further  says  that  when  Sirius  passed 
across  the  Milky  Way,  Procyon  remained  in  the  region  to 
the  north-east  of  the  Milky  Way,  which  is  also  accordant 
with  the  known  amount  and  direction  of  the  proper  motion 
of  this  star;  60,000  years  hence,  Procyon  will  also  have 
crossed  the  Milky  Way. — A.  F. 

Method  foe  Ascertaining  the  Moon's  Age. — Mr. 
Holmes'  method  for  ascertaining  the  moon's  age  may  be 
explained  in  the  following  manner.  It  depends,  first  of 
all,  on  the  "  Metonic  cycle."  Nineteen  solar  years  corre- 
spond to  235  lunations ;  hence  the  new  moons  in  one  year 
correspond  to  those  in  the  years  IP  years  earlier  or  19 
years  later.  This  gives  the  first  part  of  the  rule,  the  effect 
of  which  is  to  divide  all  years  into  19  classes,  and  corre- 
sponds in  eff'ect  to  the  finding  of  the  "  Golden  Number." 
The  relation  of  any  one  year  of  a  Metonic  cycle  to  the 
next  year  of  that  cycle  is  given  \>y  the  '*  Epact  " — the  age 
of  the  moon  on  the  first  day  of  the  year.  Since  twelve 
lunations  include  354  days,  and  a  solar  year  365  days,  the 
epact  of  any  year  is  11  days  greater  than  that  of  the  pre- 
ceding year.  When  the  epact  amounts  to  more  than  an 
entire  month,  only  the  odd  days  are  counted.  This  gives 
us,  in  effect,  the  second  jsart  of  the  rule.  There  remains 
only  the  last  part.  January  and  February  together  make 
uj)  two  complete  lunations.  For  the  remaining  months  of 
the  year,  each  is  on  the  average  one  day  longer  than  a 
complete  lunation,  so  that  the  day  of  the  new  moon,  on  the 
avercKje,  falls  one  day  earlier  in  each  month  after  March. 
The  year  1900  is  divisible  bj'  19  without  remainder,  and  in 
this  year  the  first  new  moon  fell  on  January  1,  so  that  for 
the  month  of  January  the  day  of  the  month  gave  at  once 
the  age  of  the  moon.  The  rule  then  follows  from  the 
above  principles.  It  is  necessarily  quite  a  rough  one,  and 
will  often  be  two  days  in  error,  but  as  an  instantaneous 
way  of  getting  an  approximate  idea  of  the  moon's  age,  it 
has  its  use. — E.  W.  M. 


Zoological. — Those  of  our  i-eaders  who  studied  the 
articles  on  "The  Palajontological  Case  for  Evolution" 
recently  published  in  this  journal  should  be  interested  in  a 
memoir  on  the  ichthyosaurs,  or  fish-lizards,  of  the  Triassic 
strata  of  California,  issued  in  the  Geological  Bulletin  of  the 
Californian  University.  Compared  with  their  descendants 
of  the  Lias,  these  Triassic  species  were  quite  small.  Their 
most  interesting  feature  is,  however,  the  structure  of  the 
paddle,  in  which  the  component  bones  are  much  more 
elongated,  and  therefore  less  unlike  the  coi-responding 
elements  of  nomial  reptiles,  than  are  those  of  the  true 
ichthyosaurs  of  the  Lias.  An  important  step  is  thus  made 
in  tracing  the  origin  of  the  group. 

Unlike  chimpanzees,  which  have  long  since  been  recorded 
from  Uganda,  gorillas  have  hitherto  been  supposed  to  be 
confined  to  the  west  coast  of  Africa.  Much  interest 
attaches  therefore  to  the  discov  ry  of  a  representative  of 
these  ajjes  high  up  on  Mount  Kirunga,  nearly  midway 
betweeu  Lakes  Albert  Edward  and  Kivu.  Dr.  Matschie, 
of  Berlin,  has  described  the  animal  as  Gorilla  heriuyei. 

Mr.  Pycraft's  memoir  on  the  osteology  of  owls,  recently 
published  in  the  Transactions  of  the  Linnean  Society,  is 
an  important  contribution  to  our  knowledge  of  birds' 
skeletons.  Had  we  to  deal  with  the  skeleton  alone,  it  is 
2)robable  that  owls  would  never  have  been  separated  in 
systematic  zoology  from  the  diurnal  birds  of  jjrey.  The 
soft  parts  are,  however,  very  different  in  the  two  groups, 
and  all  the  evidence  points  to  the  near  affinity  of  the  owls 
to  the  goat-suckers.  Yery  curious  is  the  discovery  that 
the  Nepalese  horned  owl  differs  from  all  its  relatives  in 
regard  to  the  notching  of  the  breast-bone.  Whether, 
however,  this  necessitates  its  reference  to  a  genus  apart, 
may  be  a  matter  of  opinion. 

Some  years  ago  an  article,  by  Mr.  Lydekker,  appeared 
in  this  journal  on  the  nursing  habits  of  frogs.  In  the 
October  issue  of  the  Zoological  Society's  Proceedings,  Mr. 
Boulenger  describes  the  mode  in  which  the  eggs  are 
carried  by  the  female  of  a  rare  frog  (Ceraiohyla  bubaltis) 
from  the  Peruvian  Andes.  In  the  one  specimen  obtained 
with  eggs,  there  were  nine  of  these  tightly  adhering  to  the 
skin  of  the  back,  in  which  the  spines  of  the  verteVirae  were 
so  prominent  as  to  leave  indentations  in  the  egg- 
membranes.     Fully-formed  young  frogs  were  seen  in  the 


Errat.v. — In  Mr.  A.  C.  D.  Crommelin's  articles  on  Cycles  of  Eclipses  in 
KxowLKDiiE  for  September,  p.  205,  2nd  column,  5th  line  from  bottom,  for 
"  N.  Dec.  91^*^  27  ,"  read  ".  N.  Deo.  9'  27  "  ;  for  October,  p.  226.  description 
under  Plate  IV.,  for  "  K*5  vears  earlier."  read  "  1805  veurs  earlier." 


33ritist)  ©rnitijolosical  Notes. 

Conducted  by  Hajrrt  F.  Witherbt,  f.z.s.,  M.B.o.tr. 

Sooty  Tern  ('Sterna  fuliginosi,  G-m.)  in  SufolJc  {Field,  October 
3rd,  1903,  p.  600).— Mr.  W.  A.  Dutt  here  records  that  he  lately  found 
a  fine  adult  specimen  of  this  Tern  in  the  possession  of  Mr  J.  Xuun, 
of  Santon,  Downliam.  The  bird  was  found  dead  at  Santon  Downhain 
Warren  in  the  spring  of  1900.  Mr.  Thomas  Southwell  has  confirmed 
its  identiScatioc.  The  Sooty  Tern  is  an  inhabitant  of  the  Pacific, 
but  it  occurs  as  far  west  as  the  Indian  Ocean  and  the  Red  Sea.  It  is 
a  rare  wanderer  to  Europe,  and  has  only  been  recorded  three  times, 
previously  to  t!ie  above  instance,  in  Kngtand. 

Hartford  Warhhr  in  Shropshire  {Zoologist,  1903,  September, 
p.  349). — Mr.  H.  E.  Forrest  records  that  a  pair  or  two  of  Dartford 
Warblers  has  been  found  breeding  near  Ludlow,  in  Shropsliire,  this 
summer.  This  is  a  north-western  extension  of  the  known  breeding 
range  of  this  bird.  It  is  a  species  easily  overlooked,  owing  to  its 
secretive  habits,  and  it  is  quite  probable  that  Dartford  Warblers 
have  long  made  use  of  this  newly-found  breeding  place. 

Tree  Sparrow  in  Shetland  {Ann.  Scot.  Nat.  Hist.,  1903,  p.  211) 
iind  in  the  Isle  of  Man  (Zoologist,  1903,  p.  313). — For  some  years 
the  Tree  Sparrow  has  been  extending  its  range.  Fifty  years  ago  it 
was  unknown  in  Ireland,  but  it  is  now  resident  and  increasing  in 
numbers  there.     Mr.   Jf.  S.   Graves  now  reports  it  from  the  Isle  of 
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Man,  where  it  probably  breeds,  and  Dr.  T.  E.  Saxby  finds  a  pair 
nesting  in  West  Slietland. 

Wii/eoa  Breeding  in  Ireland — A  Correetion(Irish  Natttralist,  1903, 
October,  p.  275). — In  1901,  Mr.  Robert  Patterson  recorded  that  the 
Wigeon  Lad  bred  near  Belfast  (.see  Knowledge,  19u1,  pp.  183  and 
205).  A  bird  was  flushed  from  one  nest,  but  was  not  identified 
apparently.  Mr.  Patterson  now  frankly  admits  that  a  mistake  has 
been  made,  and  that  the  record  must  be  cancelled.  The  eggs  and  the 
down  agreed  with  those  of  the  Wigeon,  but.  through  Mr.  Heatly 
Noble,  Mr.  Patterson  has  learnt  that  the  down  is  not  always  a  reliable 
test  for  the  identification  of  duck's  eggs,  and  an  examination  of  the 
small  feathers  mixed  witli  the  down  from  this  nest  has  proved  that 
they  belonged  to  the  Shoveler. 

An  Unknown  Warhler  in  Oxfordshire.  By  W.  Warde  Fowler,  M.A. 
{Zoologist,  19(13,  September,  pp.  343-348 ).— In  these  days  of  the 
rigid  protection  of  birds  tliis  article  should  prove  instructive  to  those 
who  favour  extreme  protection,  as  well  as  to  the  ornithologist.  Mr. 
Warde  Fowler  and  several  of  his  friends  have  been  tviitehing  for  the 
last  tliree  years  a  small  Warbler  in  a  wood  near  Oxford.  They  have 
been  quite  unable  to  identify  the  bird,  and  would  not  shoot  it,  and 
the  results  of  their  observations  are  detailed  at  lengtli  by  Mr.  Fowler 
in  the  hope  that  some  one  may  be  able  to  identify  the  bird  by  the 
details  given.  From  a  scientific  point  of  view  these  observations  are 
quite  worthless  without  the  identification  of  the  bird,  which  is 
impossible  from  tlie  details  obtained.  Much  personal  pleasure  was 
enjoyed,  no  doubt,  by  the  observers  in  watching  the  bird,  and  in 
collecting  these  details,  but  those  who  advocate  protection  at  all  costs 
should  bear  in  mind  that  without  the  knowledge  of  birds  obtained  by 
systematic  study,  as  well  as  by  observation  in  the  field,  protection  of 
birds  would  never  have  been  possible. 

All  contributions  to  the  column,  either  in  the  way  of  notes 
or  photograplis,  should  be  forwarded  to  Habby  F,  Withebby, 
at  the  Office  of  Knowledge,  326,  High  Holhorn,  London. 
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[The  Editors  do  not  hold  themselves   responsible    for   the   opinions 
or   statements   of   correspondents.] 

EADIUM   AND   THE    SUN'S   HEAT, 

TO    THE    EDITORS    OF    KNOWLEDGE. 

Sirs, — The  interesting  article  on  radium  in  Knowledge 
fur  October  prompts  me  to  inquire  whether  the  heat- 
giving  property  of  its  complicated  atom  can  be  called  in 
aid  to  explain  more  satisfactorily  the  source  of  the  sun's 
heat?  Do  we  see  any  analogy  at  all  between  this 
minute  atom  and  the  mighty  globe  of  the  sun  in  their  heat- 
giving  and  hcat-nKiiutaining  projierties  ?  Or  docs  the 
discovery  of  the  new  element  explode  the  present  theory  of 
the  source  of  the  sun's  heat?  p_  j    Damania. 

2nd  October,  1903. 

[There  is  no  doubt  that  the  discovery  of  radium  compels 
us  to  abandon  completely  some  of  the  conclusions,  based 
u)>on  present  theories  of  the  origin  of  the  sun's  heat.  Mr. 
W.  E.  Wilson  calculates  that  "  30  grammes  of  radium  per 
cubic  metre  of  the  sun's  volume  would  supjily  the  entire 
output  "  of  the  sun's  energy.  He  further  suggests  that  at 
the  temperature  of  the  sun,  radium  may  be  much  more 
energetic  than  at  our  terrestrial  tcnuieratures.  If  so  a 
much  smaller  weight  of  radium  per  cubic  metre  may 
sufliee.  The  computations  which  Lord  Kelvin  and  other 
leading  men  of  science  have  made  as  to  the  possible  length 
of  time  in  the  past,  and  in  the  future,  during  which  the 
sun  could  maintain  its  present  energy  of  radiation,  are 
necessarily  entirely  set  aside,  for  we  can  no  longer  assume 
th.tt  the  concentration  of  the  sun's  substance  from  infinite 
distance  has  been  the  sole  or  even  the  chief  source  of  its 
energy.  It  is  not  only  that  radium  itself  may  e.\ist  in  suffi- 
cient abundance  in  the  sun  to  account  for  its  energy,  but  the 
same  or  similar  radio-active  pro]ierties  may  be  possessed 
by  other  of  its  elements,  or  by  the  sun  itself  as  a  whole. 
Prof.  G.  H.  Darwin  writes:  "  Knowing  as  we  now  do  that 
an  atom  of  matter  is  capable  of  containing  an  enormous 


store  of  energy  in  itself,  I  think  we  have  no  right  to 
assume  that  the  sun  is  incapable  of  liberating  atomic 
energy  to  a  degree  at  least  comparable  with  that  which  it 
would  do  if  made  of  radium  "'  (Nature,  1903,  September 
24th,  p.  496). — E.  Walter  Maunder.] 


THE    LEONID   METEORS   AND   THE    MOON. 

TO    THIi  EDITORS    OF    KNOWLEDGE. 

Sirs, — An  investigatioAinto  tlie  circumstances  connected 
with  the  occurrences  of  the  Leonid  star- showers  shows  that 
there  subsistsf^jttie,  ,-followLa"  relationship  between  these 
phenomena  anof^tlieljoon.  All'  the  Leonid  meteor- showers 
on  record  have  taken  place  either  at  or  between  new  moon 
and  first  quarter,  or  else  at  "or  between  full  moon  and  last 
quarter,  with  the  lunar  perigee  generally  placed  at  or 
between  full  and  new  moon,  the  intensity  of  the  phenomenon 
being  greater  the  nearer  the  perigee  and  moon  were  to 
her  phases  of  new  or  full.  In  the  following  table  a  list  of 
these  historic  star-showers,  as  given  by  Prof.  Newton  in 
the  "  Encyclopaedia  Britannica,"  Vol.  XVI.,  p.  110  (9tli 
Edition),  is  presented,  together  with  the  positions  of  the 
moon  and  perigee  at  the  time  of  each  display : — 


Dile  of  Sliower. 

Moon  Sew  (91  or  Fall  (O). 
(Nearest  to  Shower.) 

Moon  in  Perigee, 

902,  Oct.   13  (O.S.) 

O  Oct.  20 

(O.S.) 

Oct.  21  (O.S.') 

931,  Oct.   15       „ 

•  Oct.  14 

Oct.  13      „ 

934,  Oct.   14 

•  Oct.  11 

,^ 

Oct.  18      ,. 

10U2,  Oct.  15 

•  Oct.     9 

„ 

Oct.     8      ., 

1101,  Oct.    17       „ 

•  Oct.  24 

, 

Oct.  25      „ 

1202,  Oct    19       „ 

•  Oct.  18  (O  Nov 

1)      „ 

Nov.    1      ., 

1366,  Oct.  23*     ,, 

O  Oct.  19  (•  Nov 

■3)      „ 

Nov.    3      ., 

1533,  Oct.   25       „ 

•  Oct.  18 

Oct.  17      „ 

1602,  Nov.    7  (N.S.) 

•  Nov.  1 1 

(N.S.) 

Nov.    5  (N.S.) 

1693,  Nov.    9       „ 

•  Nov.    2  (O  Nov 

18)     „ 

Nov.  18      „ 

1799,  Nov.  12       „ 

0  Nov.  12  (•  Oct. 

28)     „ 

Oct.  28      „ 

1832,  Nov.  13       ., 

O  Nov.    8 

Nov.  12      ,. 

1833,  Nov.  13       „ 

•  Nov.  11 

Nov.    8      „ 

1866,  Nov.  14       „ 

•  Nov.    7  (0  Nov 

22)     „ 

Nov.  22      ., 

1867,  Nov.  14       „ 

0  Nov.  11 

Nov.  14      .. 

186S,  Nov.  14       „ 

•  Nov.  14 

" 

Nov.    9      ., 

*  Tlie  moon  became  f 

ill  iu  October,  133S,  o 

n  the  evening  of  the  19th. 

The  star-shower  toot  place  iu  each  instance  on  the 
morning  of  the  date  given,  and  therefore  local  time  is  used. 
These  displays  occurred  without  exception  at  or  between  the 
time  of  new  moon  and  first  quarter,  or  else  at  or  between 
the  opposite  lunar  phases.  Our  satellite  at  the  time  of 
these  showers  was  thus  confined  to  two  opposite  quadrants 
which  together  equal  one-half  of  her  orbit.  As  far  as  it  is 
a  question  of  chance,  the  moon  was  just  as  free  at  any  one 
of  these  showers  to  have  been  in  the  remaining  half.  It 
is  excessively  improbable,  therefore,  that  this  peculiar 
position  of  the  moon  in  sixteen  successive  instances  should 
have  been  due  to  mere  coincidence.  As  regards  the  position 
of  the  perigee  there  is  only  one  notable  exception,  viz.,  in 
the  shower  of  934,  when  the  perigee  was  near  the  moon's 
first  (piarter.  This  display  was  of  a  feeble  <-haracter, 
judging  fi-om  the  ancient  account  of  it.  We  know  from 
the  records  describing  these  phenomena  (American  Journal 
of  Science  and  Artt!,  1864,  No.  Ill),  that  the  showers  of 
1202.  1366,  1799,  and  1833  far  surpassed  the  others  in 
brilliancy,  and  that  the  meteors  were  or  must  have  been 
seen  in  tens  of  thousands.  These  intensely  l)rilliant  spec- 
tacles were  witnessed  at  or  immediately  after  the  time  of 
new  or  full  moon.  It  may  also  be  observed  that  at  the 
time  of  the  occurrence  of  the  first  three  of  these  famous 
star-showers,  tiic  moon  was  moving  in  an  orbit,  of  almost 
maximum  eccentricity,  having  been  in  perigee  within  a 
few  hours  of  the  time  when  she  was  new  or  full. 

It  is,  perhaps,  not  surprising  to  find  that  the  law  which 
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ihus  appears  to  regulate  the  moou's  position  in  the  grfeat 
meteoric  phenomena,  should  also  be  illustrated  ia  minor 
and  irregular  falls  of  Leonid  meteors.  Of  all  raeteor- 
svstems  the  Leonids  exhibit  the  best-marked  periodicity ; 
l>ut,  as  has  been  remarked  by  observers,  shooting  stars 
from  Leo  may  make  their  appeai-anee  sometimes  as  much 
as  a  week  before  or  after  the  mean  epoch.  Such  of  these 
minor  or  irregular  displays  as  occurred  before  1833  must 
have  lieeu  by  far  the  most  remarkable,  as  they  were  not 
specially  looked  for,  and,  therefore,  must  have  been  of 
considerable  splendour  to  have  attracted  casual  observation. 
Tn  the  following  table  the  dates  of  these  displays,  mostly 
taken  from  Arago's  "  Astronomic  Populaire,"  Vol.  IV., 
pp.  308-312,  are  given  with  the  time  when  the  moon  was 
new  or  fiill  and  in  perigee  : — 


Date  of  Slio> 

■er. 

Moon  New  i«)  or  Fall  (O). 
(Nearest  to  Shower.) 

Moon  in  Perigee. 

288,  Sept.  28 

(0.^.' 

O  Sept.  27                       (O.S  ) 

Sept.  21  (O.S.) 

855,  Oct.   18 

•  Oct.   15 

Oct.  23      ., 

S56.  Oct.   18 

O  Oct.    17 

Oct.  16      „ 

1U06.  Xov.  15 

(N.s.) 

O  Xov.  14-                       (N.S.) 

Nov.    3(N.S.) 

17S7.  XoT.  10 

9  Nov.  10(0  Nov.  25)     ., 

Nov.  26      „ 

lsi:i,  Nov.     s 

O  Nov.    8 

Nov.    9      ., 

ISIS,  .\,.v.  13 

0  Nov.  12  (©Nov.  28)     „ 

Nov.  29      ., 

ISJS.  >',.v    19 

O  Nov.  12  l«  Nov.  28)     .. 

Nov.  29      „ 

1820.  XOT.  12 

«  Nov.    6 

Nov.  17      „ 

1822.  Xov.  13 

e  Nov.  13  (O  Nov.  28)    „ 

Nov.  29      „ 

1823,  Xor.  13 

0  Nov.  18 

Nov.  21      „ 

1826,  >'ov.    7 

•  Oct.  31 

Oct.  31      „ 

1S2S,  Xov.  12 

•  Nor.    7 

Nov.  14      „ 

1831,  Nov   13 

O  Nov.  19  (7  p.m.)  - 

Nov.  20      „ 

1832,  Nov.  15 

" 

O  Nov.    8 

Nov.  J2      „ 

Prof.  Kirkwood  has  given  the  date  of  the  first  of  these 
displavs,  which  he  regarded  as  being  connected  with  the 
present  mid-November  meteor-system.  Arabic  chroniclers 
mention  the  star-showers  of  855  and  856  ;  the  shower  in 
the  former  year  was  also  seen  in  Europe  on  the  night  of 
October  17.  The  November  star-shower  of  1606  is  thus 
described :  "  On  a  bright  night.  November  15,  1606,  it 
seemed  as  though  it  rained  stars  ;  tirst  fell  only  the  largest 
and  brightest  stars  from  heaven,  then  indiscriminately 
the  large  and  small  stars  in  great  numbers"  [quoted  in 
American  Journal  of  Science  and  AHs,  Vol.  XXXVI.  (2nd 
Series),  p.  301]. 

It  is  seen  that  in  these  fifteen  showers  the  moon  con- 
formed, with  biit  one  exception  in  1823,  to  the  rule  shown 
to  prevail  in  the  more  brilliant  phenomena ;  the  perigee,  on 
the  other  hand,  does  not  conform  with  the  same  exactness, 
and,  as  in  the  display  of  93-J',  the  unusual  position  seems 
to  affect  the  intensity  of  these  minor  meteor-falls.  The 
peculiar  position  of  the  moon  in  all  Leonid  star-showers 
cannot  be  explained  as  due  to  moonlight,  for  the  latter 
would  as  little  diminish  the  splendour  of  a  meteor  display 
two  or  three  days  before  as  at,  or  a  few  days  after  new- 
moon,  and  woidd  certainly  be  far  less  troul>lesome  a  couple 
of  days  before  full  moon,  than  at  or  shortly  after  that 
phase  ;  yet  the  moon  in  any  of  these  great  ancient  or 
modem  star-showers  is  never  found  in  the  second  or  fourth 
<|uadrants.  It  is  remarkable  that  at  the  failure  of  the 
Leonids  to  appear  on  November  15th,  1899,  the  moon  was 
within  her  second  quadrant,  and  in  her  fourth  at  the 
Leonid  epoch  of  November  15-16,  1900.  With  the  moon 
in  the  first  quadrant,  moderately  tine  displays  of  Leonids 
were  seen  in  America  on  November  15  in  the  years  1898 
and  1901.  It  is  remarkable  that  the  lunar  conditions  at 
the  Leonid  epoch  of  1766  resembled  those  of  1899,  and 
that  there  is  no  record  of  a  shower  having  taken  place  in 
the  former  year.  The  moon  also  happened  to  be  un- 
favourably, or  at  least  unusually,  placed  for  meteor 
displays  at  the  Leonid  epochs  of  1399,  1566,  and  many 


other  occasions  when  important  meteor-showers  might 
have  been  expected  to  have  occurred. 

The  conclusion  which  it  seems  to  me  is  to  be  drawn  from 
the  foregoing  coincidences  respecting  the  position  of  the 
moon  and  the  occurrence  of  Leonid  star- showers,  is  that 
there  is  a  meteor-swarm  revolving  round  our  planet,  and 
that  showers  of  shooting  stars  are  produced  from  the  per- 
turbations of  this  meteor-ring  under  the  combined  action 
of  the  sun  and  moon.  The  velocity  of  shootinc;  stars  must 
be  much  lower  than  is  generally  supposed.  Mathematicians 
at  first  assigned  these  bodies  a  velocity  of  200  miles  per 
second,  a  velocity  that  was  subsequently  abandoned  only 
when  it  was  found  that  gravitation  failed  to  account  for 
it.  The  heavier  shooting  stars,  or  bolides,  have,  however, 
in  well-authenticated  instances,  been  found  moving  at  the 
rate  of  about  4  miles  per  second. 

Dublin,  September  15th,  1903. 


John  R.  Henky. 


CUEIOUS    SUNSET    PHENOMENON. 

TO    THE    EDITORS    OF    KNOWLEDGE. 

SiES, — I  think  that  the  phenomenon  described  in  the 
September  number  of  Knowledge  by  Lieut.  Field  must 
be  what  is  commonly  called  in  Canada  a  "  Sun-Dog " 
We  see  them  frequently  in  the  winter,  and  usually 
accompanied  by  cold  weather.  I  have  only  noticed  them 
when  the  sun  is  a  few  degrees  above  the  horizon  ;  some- 
times the  sun  is  obscured,  as  noted  hy  Lieut.  Field,  at 
others  the  sun  is  shining  brightly  and  there  is  merely  a 
slight  haze  of  ice  crystals.  I  think  the  Sun-Dog  is  a 
branch  of  the  phenomena  classed  under  the  general  term 
of  ■'  halos  and  ])arhelia,"'  which  are  caused  by  refraction  of 
the  sun's  rays  through  floating  particles  of  ice.  Just  why 
the  halo  should  take  more  than  one  form  it  is  hard  to  say, 
though  I  am  inclined  to  think  that  the  ice  crystals,  being 
rhombohedral  in  form,  would  have  a  tendency  to  make 
their  "  refraction  products"  more  complicated  than  in  the 
case  of  the  simpler  raindrop ;  one  can  imagine  the  ice 
crystals  all  lying  Ln  one  direction  at  one  time  and  Ln 
another  at  some  other  occasion,  or  having  the  sun's  rays 
refracted  first  through  one  layer  of  ice  particles  and  then 
through  a  second. 

At  the  elevation  of  Lieut.  Field  there  would  be  every 
chance  of  there  being  a  screen  of  ice  crystals  between  him 
and  the  sun,  although  the  temperature  at  the  point  i>f 
observation  was  a  long  way  above  the  freezing  point.  I 
have  often  noticed  a  solar  halo  in  the  cirrus  clouds  when 
the  temperature  of  the  surrounding  air  was  above  32  F. 
In  bis  case  he  was  looking  horizontally  through  the  layer 
of  cold  air  ;  in  the  case  of  the  solar  halo  I  refer  to,  one  is 
looking  upwards.  p^^rL  A.  Cobbold. 

Hailevbnrv,  Ontario.  Canada. 
September  14th,  1903. 

THE  PURPLE  FLOWERS  OF  THE  WILD  CARROT. 

TO    THE    EDITORS    OF    KNOWLEDGE. 

Sirs, — I  find  in  one  of  the  UmheUiferie,  which  I  believe 
to  be  Daucus,  a  single  central  floret  of  different  colour 
from  the  rest.  I  have  to-day  seen  it  pink  and  dark-red. 
And  in  Scotland  I  was  shown  some  that  were  dark  blue  or 
purple.  Is  it  usual,  and  does  it  occur  in  any  other 
members  of  the  family  r  j;    ^    Buechardt. 

Brashfield,  Bicester, 

15th  September,  1903. 

[The  central  flower,  or  several  flowers,  of  Daucus  Caroia 
is  frequently  of  a  deep-red  colour  — generally,  in  fact,  is 
a  well-deveioped  umbel.  No  similar  feature  is  found 
in  any  other  British  umbellifer.  I  am  not  aware  that 
any   explanation   of   this   curious   feature   has  been   put 
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forward.  The  natural  assumption  appears  to  be  that  it 
is  connected  wi I h  the  "advertising  department,"  that  in 
some  way  it  makes  the  flower-head  more  conspicuous  to 
insects,  and  thus  helps  cross-fertilization.  There  are 
numerous  instances  of  white  flowers  being  used  for 
this  purpose  {e.g.,  in  the  Daisy),  but  I  cannot  think 
of  an  instance  where  the  abnormal  flowers  are  darh. 
— E.  Lloyd  Praegee.] 

MAN'S   PLACE   IN    THE   UNIVERSE. 

TO    THE    EDITORS    OF    KNOWLEDGE. 

Sirs, — Will  you  allow  me  to  express  my  dissatisfaction 
with  Mr.  Maunder's  article  in  your  current  number  upon 
the  above  question  ?  Dr.  Wallace's  position,  as  to  our 
place  in  the  universe,  is,  that  whatsoever  evidence  we  have 
goes  to  support  the  conclusion  that  we  are  placed  in  or 
near  the  centre  of  the  stellar  universe ;  and  that  the 
universe  itself  is  limited  in  extent.  For  the  first  point. 
Dr.  Wallace  has  the  support  of  the  following  evidence 
adduced  by  Sir  Normau  Lockyer: — "The  stars  in  question 
in  the  Milky  Way,  which  is  a  great  cii'cle,  are  all  equally 
remote ;  and  the  only  place  where  such  a  state  of  things 
can  be  observed  must  be  a  point  equally  distant  from  all, 
that  is,  in  the  centre  of  the  system  under  observation.  It 
is  worth  while  to  repeat,  that  because  we  are  in  the  centre, 
because  the  solar  system  is  the  centre,  that  the  observed 
effect  arises"  {Nature,  November  8th,  1900). 

For  the  limited  dimensions  of  the  universe  there  is  the 
dynamic  principle  adduced  by  Lord  Kelvin  to  show  that 
the  velocity  of  the  stars  in  their  drift  is  only  compatible 
with  a  universe  of  limited  dimensions.  Now  it  is  a  very 
unsatisfactory  reply  to  these  things  to  speak  of  what  may 
be,  which,  moreover,  is  a  very  unscientific  position  to  take. 

Maidstone,  October  9th,  1903.  W.  Woods  Smyth. 

[Neither  Sir  Norman  Loekyer's  nor  Lord  Kelvin's  argu- 
ments in  the  least  support  Dr.  Wallace's  position.  Mr. 
Woods  Smyth  must  remember  that  the  whole  object  of 
Dr.  Wallace  is  to  prove  that  our  solar  system  is  the  only 
one  in  which  intelligent  life  is  possible.  He  assumed  that 
if  he  could  prove  that  our  sun  was  in  the  centre  of  the 
universe  this  would  follow.  It  was  a  mere  assumption, 
which  he  has  practically  withdrawn  ;  but  let  that  pass. 
Admitting  its  validity,  it  was  still  necessary  for  him  to 
prove  that  our  sun  was  much  nearer  to  the  centre  of  the 
universe  than  was  the  case  with  any  other  sun  whatsoever. 
Neither  of  the  two  authorities  quoted  help  him  here. — 
E.  Walter  Maunder.] 

STELLAR    SATELLITES. 

TO    THE    EDITORS    OF    KNOWLEDGE. 

Sirs, — Mr.  Gore,  in  his  article  under  above  title,  in 
Knowledge  for  September,  refers  to  the  companion  to 
Procyon.  I  think  Burnham  with  the  36-inch  failed  to  see 
this  at  all  from  1888  to  1891  (see  Lick  Publicationa,  page 
63).  Has  it  been  seen  since?  If  so,  by  any  one  except 
Schaeberle  V 

Mr.  Gore  refers  also  to  the  double  companion  to  Rigel. 
I  think  Burnham  afterwards  doubted  his  observation  of 
I87I.  At  any  rate  he  found  it  single  in  1889-1892 
(see  Lick,  page  43). 

Mr.  Gore  refers  to  what  he  calls  "  this  rule,"  that  most 
of  the  known  binaries  are  of  nearly  equal  brightness.  I 
think  the  use  of  such  words  as  "  rule  "  and  "  law  "  is  often 
objectionable.  They  imply  more  than  is  intended.  But 
in  the  case  referred  to  is  it  not — so  far  as  it  is  a  fact  — 
because  unequal  binaries  are  much  more  difficult  to 
discover  and  to  observe  ?  I  don't  think  there  is  sufficient 
evidence  that  they  are  less  numerous. 

In  another  instance  he  says  there  are  some  stars  which 


do  not  show  orbital  motion  "  which  are  known  to  be 
phvsically  connected."  In  the  next  sentence  he  says  "they 
are  most  probably  near  enough  to  be  linked  together  by 
the  laws  of  gravitation."  But  does  not  knowledge 
transcend  probability?  If  they  are  known  to  be  physically 
connected,  are  they  not  more  than  probably  linked  together 
by  gravitation  ? 

"  Mr.  Gore  also  seems  to  use  the  word  brightness  in- 
differently for  quantity  of  light  and  surface  brilliancy.  T 
know  this  is  a  very  common  practice,  but  it  is  a  very 
awkward  one. 

Mr.  Gore's  speculations  are  very  interesting,  and  would 
be  more  so  if  the  parallaxes  he  uses  were  reliable,  but 
when  he  calls  a  parallax  of  0"0.54  only  "somewhat" 
doubtful  he  uses  a  very  mild  expression  about  it. 

Edwin  Holmes. 


jaottcra  of  iSooftg. 

"TuE  PO.5ITI0N  OF  Till;  I  »r.ri  Rfii  Sandstone  in  the 
Geological  Succe-sshin.'  By  A.  G.  il.  Thomson,  f.g.s. 
(Leng  &  Co  ) — Tbis  well-printed  book  has  been  issued  with  all 
seriousness,  and  with  no  "controversial  intention"  (p.  "224). 
The  author  frankly  styles  his  views  "  hypotheses,"  but  unfor- 
tunately appears  to  be  ignorant  of  the  long  discussion  which 
has  moulded  geological  opinion  as  to  the  position  of  the  Old  Red 
Sandstone.  He  is  unaware  that  he  might  have  quoted  the 
illustrious  name  of  Jukes  in  support  of  his  proposal  (p.  97)  to 
regard  the  Carboniferous  and  Devonian  strata  as  contem- 
poraneous facies  of  a  single  system  (see  'Juurt.  .Joui-n.  Geol.  Soc, 
Vol.  xxii.,  1866,  pp.  367-9).  Mr.  G.  H.  Kinahan,  boldly  carrying 
out  Jukes's  suggestions,  has,  moreover,  anticipated  Jlr.  Thomson 
as  regards  the  intercalation  of  Old  Red  Sandstone  conglomerates 
in  the  Carboniferous  system  (p.  Oo).  It  might  have  been 
expected  that  an  author  so  anxious  to  improve  upon  our  present 
knowledge  would  at  least  consult  our  current  text-books.  .Sir 
A.  Geikie,  for  instance,  stated  the  case  clearly  ten  years  ago  in 
his  "  Text-book  of  Geology"  (."ird  edition,  p.  778):  and  the 
expanded  form  in  which  his  remarks  now  appear  (4th  edition, 
1903,  pp.  981-'2)  should  prove  still  more  instructive  to  Mr. 
Thomson.  He  will  learn  from  those  excellent  passages  that 
geologists  in  general  do  not  regard  the  Old  Red  Sandstone  as  of 
necessity  conterminous  with  the  marine  Devonian  sj'stem  ;  but 
he  will  also  find  that  the  continental  evidence  for  independent 
Devonian  and  Carboniferous  systems  has  long  proved  fatal  to 
the  hypothesis  of  Jukes.  Mr.  Thomson,  however,  with  a  fine 
disregard  for  both  stratigraphy  and  palajontology,  considers  that 
the  Silurian  beds  containing  fish-remains,  and  the  Devonian  and 
Carboniferous  systems,  represent  varying  types  of  deposit  which 
het/ini  to  be  laid  down  at  the  same  time  side  by  side  (pp.  49,  70, 
etc.).  The  British  Coal-measures  are  for  him  a  huge  drift- 
deposit,  brought  in  suddenly  from  some  other  quarter  of  the 
globe.  The  Atlantic  Ocean  and  the  American  Continent 
(p.  36)  are  held  to  have  existed  in  the  Palicozoic  era.  The 
evidence  as  to  the  vast  extent  of  post-Carboniferous  denudation 
in  our  islands  (p.  59)  is  absolutely  overlooked.  We  gather  from 
p.  "218  that  the  variety  of  fresh-water,  brackish- water,  and 
marine  deposits  recognisable  in  our  coal-bearing  strata  have 
never  been  seriously  examiuod  by  the  author.  Mr.  Thomson 
writes  modestly  throughout,  but  he  has  entered  the  field  with  a 
disregard  for  pioneers  which  will  hardly  commend  him  to  the 
scientific  reader. 

"Raihum  and  Otiieu  Radio- Active  Substances:  PoLONiuir, 
AcriNiu.M,  and  TiiOKiUM."  By  William  J.  Hammer.  (Sampson 
Low.)  5s.  net. — Few  discoveries  have  ever  been  received  with 
greater  interest  than  that  of  the  radio-active  properties  of 
radium  and  its  congeners.  In  the  first  place,  it  appeals  to  the 
sense  of  the  marvellous  which  is  present  in  all  of  us,  and  this 
none  the  less  that  old  and  app.arently  well-established  laws  seem 
to  be  violated  by  it.  A  few  milligrams  of  radium,  we  are  told 
by  Prof.  Curie,  when  introduced  beneath  the  skin  of  a  mouse 
near  the  vertebral  column,  i)i'oduced  death  by  paralysis  in  three 
hours.  The  introduction  of  radium  into  the  science  of  chemistry 
will  produce — who  knows  what  ?  Already  Prof.  Armstrong, 
"  speaking  as  a  chemist.'"  can  saircely  express  his  astonishment 
at  the  audacious  physicists  who  are  opening  up  a  new  world  to 
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us.  It  has  long  been  the  dream  of  philosophers  that  matter  is 
composed  of  some  primordial  substance,  arranged  in  more  or 
less  stable  configurations,  which  we  terra  atoms  ;  but  to  the 
chemist  the  atom  must  be  absolutely  indivisible,  or  where  will 
the  fundamental  chemical  definitions  be  ?  Meanwhile,  the 
general  public  looks  on  with  that  kind  of  interest  which  may 
be  defined  as  a  lively  sense  of  surprises  to  come.  And  truly  the 
surprises  come,  not  as  single  spies,  but  in  battalions  ;  so  quickly, 
indeed,  that  a  rifiuiiu'  of  our  knowledge,  as  it  was  last  April, 
has  already  taken  oc  an  air  of  commonplace  antiquity.  Never- 
theless, Mr.  Hammer's  pamphlet  on  radio-active  substances  is  a 
welcome  contribution  to  the  literature  of  the  subject.  In  the 
first  place,  it  traces  the  "birth  and  growth  and  signs''  of  the 
new  ideas  which  are  leavening  our  knowledge  ;  and  this  is  a 
worthy  task,  for  at  ]iresent  the  fame  of  the  Curies,  well 
deserved  as  it  is,  bids  fair  to  blot  out  all  recollection  of  the 
patient  toilers  who  took  the  first  few  stejis  in  the  new  direction. 
In  the  second  place,  it  simply  bristles  with  accounts  of  experi- 
ments and  facts  of  importance,  and  at  present  we  require  a 
good  deal  of  e.\'perimental  ballast  to  give  us  a  feeling  of 
stabilitv.  Lastly,  ^Ir.  Hammer  directs  attention  to  some  lines 
of  experimental  enquiry  which  are  like  to  be  forgotten  in  the 
enthusiasm  for  radio-activity.  The  first  ten  pages  of  Mr. 
Hammer's  pamphlet  are  devoted  to  the  consideration  of 
fluorescence  and  phosphorescence.  Most  of  us  have  seen  the 
glow-worm,  and  those  who  have  travelled  in  warmer  climates 
have  been  charmed  by  the  scintillations  of  the  firefly  ;  yet  how 
many  reflect  that  in  these  animals  Nature  has  solved  the 
problem  of  the  economical  production  of  light,  which  up  to  the 
present  baffles  human  intelligence  '?  What  would  be  the  result 
if  we,  like  the  firefly,  could  produce  light  without  heat,  and 
therefore  at  about  one  four-hundredth  of  its  present  cost '? 
Leaving  this  interesting  enquiry  unanswered,  as  it  must  remain 
till  our  knowledge  is  considerably  increased,  Mr.  Hammer 
devotes  the  next  thirty-two  pages  to  radio-activity  properly  so 
called.  Starting  with  the  early  experiments  of  Henry, 
Niewenglowski,  and  Becquerel,  the  development  of  our  know- 
ledge is  traced  up  to  the  point  at  which  Prof.  Curie  found  that 
radium  produces  heat  without  any  apparent  chemical  change. 
As  to  the  physical  explanation  of  this  phenomenon,  the  author 
has  nothing  to  say  :  indeed,  it  was  not  till  after  the  date  at 
which  he  wrote  that  the  researches  of  Rutherford  and  Soddy, 
Sir  William  Ramsay,  and  Sir  William  and  Lady  Huggins  gave 
us  a  clue.  At  present  it  appears  that  radium  atoms  sponta- 
neously decompose,  and  produce,  amongst  other  products,  the  gas 
helium.  To  this  idea  Prof.  Armstrong  objects  that  in  the 
whole  range  of  chemical  knowledge  there  is  no  evidence  of 
atomic  disintegration  occurring  under  earthly  physical  con- 
ditions. But  what  are  we  to  think  ?  Helium  certainly  appears 
where  there  was  no  previous  trace  of  its  existence,  and  that  in 
a  manner  altogether  incompatible  with  our  accepted  ideas  of 
chemical  action.  In  addition,  Prof.  Dewar  finds  that  radium 
produces  heat  freely  at  the  temperature  of  liquid  air,  and  more 
freely  slill  at  the  lower  temperature  of  liquid  hydrogen  ;  at  such 
low  temperatures  there  is,  in  the  whole  range  of  our  chemical 
knowledge,  no  instance  of  ordinary  chemical  action.  We  are, 
therefore,  certainly  bound  on  an  excursion  into  the  unknown, 
and  must  shape  our  theories  according  to  our  new  lights.  It  is 
surprising,  however,  that  no  one,  in  an  attempt  to  explain  the 
unknown  by  the  incomprehensible,  has  so  far  dragged  the 
"  fourth  dimension"  into  tlje  discussion  of  these  results. 

Mr.  Hammer  next  devotes  about  twenty  pages  to  the  pro- 
perties of  selenium,  and  describes  many  interesting  arrange- 
ments by  which  sound  may  be  transmitted  "  on  the  wings  of 
light."  The  action  of  light  on  selenium  is  scarcely  less  interest- 
ing than  the  radio-activity  of  radium,  and  its  mode  of  action  is 
at  present  scarcely  less  obscure.  Perhaps  the  two  will  ultimately 
be  found  to  be  related  phenomena. 

Mr.  Hammer  concludes  with  a  short  description  of  the  effects 
of  ultra-violet  light  on  various  forms  of  disease.  Here,  at 
least,  we  are  tempted  to  repeat  the  platitude  that  there  is 
nothing  new  under  the  sun  ;  for  a  physician  of  the  time  of  Queen 
Flizabeth  stated  that  red  light  was  beneficial  to  patients  suffer- 
ing from  small-pox,  while  sunlight  was  distinctly  harmful. 
This  result  has  been  found,  by  Prof.  I'insen,  to  be  due  to  the 
action  of  ultra-violet  light  on  diseased  tissue  ;  while  it  is  in  the 
last  degree  harmful  to  smallpox  patients,  it  can  be  utilized 
with  remarkable    success    in  the   cure    of    lupus   and   similar 


diseases.  Whether  radium  emanations  may  be  ultimately  used 
with  success  in  the  treatment  of  consumption  and  cancer  is 
not  yet  known  ;  but  where  so  much  has  already  been  done  we 
at  least  have  grounds  for  hope. 

"HiSTORV  or  Philosophy."  By  William  Turner,  s.t.d. 
iGinu  &  Company.)  12s.  6d.— As  a  text-book  for  the  student 
of  philosojihy  this  volume  should  prove  of  real  service,  but  the 
reader  must  be  on  his  guard  as  to  the  obvious  bias  of  the  author. 
Com])iled  from  the  best  authorities,  this  attempt  to  set  forth 
the  succession  of  schools  and  systems  of  philosojihy  may  be 
commended  for  its  informing  order  and  admirable  method. 
Comprehensive  in  its  scope,  it  is  clearly  and  lucidly  written, 
while  throughout  the  work  the  statements  of  doctrine  are 
accompanied  by  valuable  bibliographical  references.  And, 
finally,  the  book  is  furnished  with  an  adequate  index. 
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BABY    BATS. 

By    K.    Ltdekker, 


Ever  since  the  days  of  Pliny  it  lias  been  a  matter  of 
common  knowledge  that  female  bats  are  in  the  habit  of 
carryincj  their  helpless  young  about  with  them  during 
their  aerial  flights  for  some  time  after  birth.  With  the 
exception  of  one  peculiar  species,  to  which  allusion  is 
made  in  the  sequel,  the  young  bat  always  clings  to  the 
under  surface  of  its  mother's  body,  wliere  it  obtains  a 
secure  hold  among  the  dense  coat  of  hair.     The  precise 
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position  in  which  the  young  bat  supports  itself  when  its 
parent  is  iu  flight  does  not  appear  to  be  I'ecorded ;  but 
when  in  repose,  in  the  case  of  fruit- bats,  or  "  flying-foxes," 
at  any  rate,  the  baby  bat  hangs  head-downwards  on  its 
mother's  chest,  as  is  well  shown  in  a  figure  published 
some  years  ago  in  the  Proceedings  of  the  Zoological  Society 
and  reproduced  in  the  "  Royal  Natural  History." 

By  the  older  oljservers  it  was  generally  considered  that 
bats  commonly  produced  two  young  at  a  birth,  as  is 
testified  by  Pliny,  who  wrote  that  the  female  carried  her 
twin  offspring  about  with  her  (geminos  infantes  seciim 
deport  at).  Later  observations,  however,  led  to  the  con- 
clusion that  this  idea  was  erroneous,  and  that  as  a  rule 
only  one  is  produced  iu  a  birth.  For  instance,  in  the 
second  edition  of  Bell's  "  British  Quadrapeds  ''  it  is  stated 
that  "  the  examination  not  merely  of  British  species,  but 
of  a  great  number  of  foreign  ones,  has  convinced  us  that 
where  more  than  one  young  one  is  produced  it  must  be 
regarded  as  an  exception  to  the  general  rule." 

In  an  earlier  passage  of  the  same  work  occurs  the 
following  statement :  "  The  female  bat  brings  forth  one  or 
two  young  at  a  birth,  which  she  nurses  with  great  tender- 
ness and  care,  carrying  it  about  with  her,  and  holding  it 
enshrouded  in  her  amjile  cloak,  which  preserves  it  from  all 
intrusion."  Apart  from  the  question  whether  the  grammar 
in  this  quotation  is  as  accurate  as  it  might  bi',  it  will  be 
noticed  that  the  author  confines  himself  to  the  statement 
that  the  mother  bat  carries  a  single  offspring  about  with 
her.  What  becomes  of  the  other,  iu  the  case  of  twins,  is 
not  stated. 

The  late  Dr.  Gr.  E.  Dobsou,  iu  his  time  the  greatest 
authority  on  bats,  noticed  that  in  certain  species  of  fruit- 
bats  the  nipples  of  the  males  were  much  enlarged  during 
the  breeding  season;  and  from  this  circumstance. he  started 
an  entirely  novel  idea,  which  is  expressed  in  the  following 
sentences  : — 

"  It  is  probalile  that  where  two  young  are  boi'n  at  a 
single  birth,  the  male  relieves  the  female  of  the  charge  of 
one  (as  the  weight  of  two  might  render  flight  difficult  or 
impossible),  and  at  the  same  time  performs  the  office  of  a 
nurse.  It  is  well  known  that  many  species  of  bats  have 
occasionally  two  young  at  a  birth,  but  I  have  never  found 
a  mother  with  more  than  one  clinging  to  her  body.  The 
si/0  of  the  pectoral  teats  in  many  male  specimens  (though 
in  none  yet  observed  by  me  so  large  as  in  this  species 
and  iu  another  case  referred  to  above)  led  me  to  think 
that  instances  of  the  male  performing  the  office  of  nurse 
are  ])robably  not  uncommon  among  bats." 

Whether  this  suggestion  is  true  in  the  case  of  fruit-bats 
must  be  left  for  future  observation  to  determine ;  but  it  is 
now  practically  certain  that  it  will  not  hold  good  for  the 
ordinary  insectivorous  bats,  although,  so  far  as  I  know,  no 
case  has  hitherto  been  recorded  where  a  female  of  any  of  the 
European  species  of  bats  has  been  actually  seen  carrying 
about  ber  twin  offspring.  Tlie  interest  that  would  attach 
to  a  well-authenticiited  instance  of  this  nature  may  be 
commended  to  the  attention  of  the  readers  of  Knowledoe. 

If,  however,  instances  of  female  bats  carrying  more  than 
one  baby  offspring  clinging  to  their  bodies  are  unknown  in 
Europe,  they  have  recently  been  brought  to  light  in 
America.  And  iu  these  instances  not  only  has  the  parent 
bat  been  seen  loaded  with  the  weight  of  twins,  but 
actually  with  that  of  a  quartette. 

Till  tlic  date  of  tlie  aforesaid  discovery  (to  which  brief 
allusion  has  been  previously  made  in  our  "  Notes  "  column), 
it  was  the  universal  belief  that  bats  never  produced  more 
than  two  offspring  at  a  birth.  In  the  spring  of  1902  the 
female  of  a  common  species  of  American  Ixit  {Lnaiurui' 
liin-fidi^)  was,  however,  received  at  the  British  Museum, 
accompanied  by  a  quartette  of  young  ones,  which  were 


stated  by  the  collector  to  be  her  own  progeny.  In  men- 
tioning the  circumstance,  the  descnber  of  this  specimen 
(which  happened  to  belong  to  a  new  variety)  very  wisely 
refrained  from  giving  it  full  credence  until  further 
testimony  was  forthcoming. 

Such  evidence  was  not  long  in  appearing ;  and  it  is  now 
definitely  known  that  not  only  Lasinrus  borealig,  but  other 
species  of  the  same  genus,  and  probably  those  belonging 
to  the  allied  Basypterus,  are  iu  the  habit  of  generally  pro- 
ducing four  young  ones  at  a  birth.  And,  what  is  more, 
these  four  young  ones  are  habitually  carried  about  by  the 
female,  although  no  one  has  apparently  yet  taken  one  of 
these  bats  thus  loaded  in  actual  light.  It  was  in  June, 
1902,  that  a  female  horealis  was  brought  to  the  United 
States  National  Museum  with  her  family  of  four  still 
cUnging  to  her  body  ;  and  she  was  successfully  photo- 
graphed shortly  before  her  death,  one  of  these  photographs 
being  rejjroduced  in  the  accompanying  illustration. 

Bats  of  the  genera  Lasiurus  and  Dasypterus,  it  is  iu- 
tei-esting  to  notice,  differ  from  the  majority  of  their  kind 
in  being  provided  with  four  nipples;  and  in  the  case  of 


I'Vmale  and  Young  of  Bough-tailed  Bat. 

the  fenuxle  brought  to  the  New  York  Museum  a  young 
bat  was  tightly  holding  on  to  each  nipple  by  its  curiously 
hooked  teeth,  "aiding  its  grip  l>y  including  a  tuft  of  its 
mother's  hair.  European  bats„on  the  other  hand,  have 
but  a  single  pair  of  nipples,  from  which  it  may  lx>  inferred 
that  they  never  produce  more  tliau  two  at  a  birth.  That 
such  twins,  when  they  occur,  are,  however,  carried  about 
by  their  mother,  may  be  regarded  as  practically  certain. 

In  the  case  of  the  New  York  specimens,  the  weight  of 
the  female  was  11  grams,  while  the  combined  weight  of 
the  four  offspring  was  12'7  grams.  At  the  time  the  young 
were  less  than  one-third  grown,  and  they  would  evidently 
have  remained  fiU'  a  further  jieriod  with  their  p;weut. 
How  she  coiUd  have  managed  to  tly  at  the  date  of  observa- 
tion —  let  alone  later  on — with  a  burden  exceeding  her  own 
weight,  is  a  mystery.  And  yet  there  is  little  doubt  that 
she  must  have  been  capable  of  flight  when  thus  laden,  as 
otherwise  she  could  not  possibly  have  procured  food,  unless, 
indeed.  su|>plies  were  brought  her  by  the  male,  which  is 
highly  improbable. 
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This  instance,  it  may  be  observed,  affords  a  warning 
against  drawing  iuferences,  like  the  one  quoted  above, 
with  regard  to  the  powers  and  habits  of  animals  on  wholly 
iusutiicient  data. 

Before  dismissing  this  part  oi'  the  subject,  reference 
may  be  made  to  a  jieculiarity  in  the  structure  of  the  teeth 
of  baby  bats,  which  appears  to  be  correlated  with  their 
abnormal  mode  of  life.  It  is  well  known  that  in  the 
majority  of  mammals  the  milk  or  baby  teeth  differ  some- 
what in  foi-m  from  their  permanent  successors,  but 
the  differences  are  comparatively  small,  and  both  series 
arc  of  the  same  general  type.  In  bats,  on  the  contrary, 
the  milk-teeth  are  utterly  unlike  those  of  the  permanent 
series  ;  being  slender,  with  sharp,  hook-like  cusps — in 
fact,  just  such  a  type  as  would  be  adapted  for  obtaining  a 
firm  hold  of  the  nipples  of  their  parent  while  she  is  in 
flight.  And  there  is  every  probability  that  this  is  their 
true  function.  Possibly,  indeed,  baby  bats  niiy  hold  on 
to  the  maternal  nipp  es  during  the  whole  time  that  they 
are  in  the  air,  as  was  found  to  be  the  case  with  the  young 
of  the  New  York  female.  It  is  also  significant  in  this 
connection  that  bats  shed  their  milk-teeth  at  a  relatively 
early  age — not  improbably  at  the  time  when  they  learn 
to  shift  for  themselves. 

Such,  then,  are  the  leading  facts  in  regard  to  what  is 
known  of  the  nursery  arrangements  of  ordinary  bats. 
There  is,  however,  one  very  remarkable — and,  it  may 
be  added,  very  ugly— bat  which  has  struck  out  a  line 
altogether  of  its  own  in  this  respect,  for  a  parallel  to 
which  w^e  must  go  to  the  marsupials.  The  species  in 
question  is  the  naked  but  (C/iiromeles  torquata),  of  the 
Malay  countries,  which  is  the  only  representative  of  a 
genus  whose  nearest  relatives  are  the  mastiff- bats  of 
tropical  America. 

In  this  large  and  hideous  sjsecies  the  thick  skin  is 
almost  entirely  naked,  and  thrown  in  the  chief  regions  of 
movement  into  a  number  of  deep  wrinkles  and  folds. 
But  its  most  peculiar  feature  is  the  presence  on  the  chest 
and  under  the  wings  of  large  pouches  in  which  are 
placed  the  nipples ;  these  nursing  pouches  being  present 
in  both  sexes.  These  pouches,  writes  Dr.  Dobson,  "  are 
probably  absolutely  necessary  for  the  preservation  of  the 
young,  which  could  scarcely  otherwise  succeed  in  main- 
taining its  hold  on  the  naked  body  of  the  mother  during 
flight.  It  is  interesting  to  find  these  pouches  developed 
in  both  male  and  female,  for  their  presence  in  the  former 
suggests  the  idea  that,  where  two  young  are  born  together, 
the  male  may  relieve  the  female  of  the  charge  of  one  of 
them." 

So  far  as  I  can  ascertain,  nothing  is  known  with  regard 
to  the  breeding  habits  of  this  bat,  and  it  is  consequently 
quite  uncertain  whether  twins  are  ever  produced.  Whether 
there  is  any  truth  in  Dr.  Dobson's  suggestion  must  there- 
fore, for  the  present  at  any  rate,  remain  undecided.  It  is, 
however,  quite  conceivable  that  the  presence  of  the  pouch 
in  the  male  may  not  be  connected  with  the  nursing 
function,  but  may  be  an  acquired  secondary  sexual 
character  analogous  to  the  presence  of  horns  in  the 
females  of  many  antelopes  and  the  reindeer.  So  far  as  it 
goes,  the  case  of  the  American  Lasiurus  borealis  is  against 
the  theory  that  the  males  of  any  species  of  bat  undertake 
the  duties  of  a  foster-mother,  since  it  is  clearly  demon- 
strated that  the  weight  of  even  four  young  ones  is  no 
hindrance  to  the  activity  of  the  female.  From  the  nature 
of  the  case  it  would,  however,  be  a  very  difficult  matter  to 
prove  that  Dr.  Dobson"s  theory  with  regard  to  the  naked 
bat  is  or  is  not  true.  To  pi-ove  it  true,  a  male  must  be 
taken  with  a  young  one  in  its  pouch,  while  to  demonstrate 
that  it  is  false,  a  female  must  be  cajjtured  with  a  pair  of 
yoimg  bats  in  the  same  receptacle.     And  since  it  is  highly 


likely  that  the  birth  of  twins  is  a  rare  event  (even  if  it 
ever  occurs),  the  chances  of  either  of  these  discoveries 
being  made  would  appear  to  be  extremely  remote. 

Apart  from  the  question  whether  or  no  the  male  acts  as 
foster-mother,  the  discovery  of  a  naked  bat  with  young  in 
her  pouch  would  be  of  extreme  interest  from  another  point 
of  view.  The  young  of  ordinary  bats  are  Iwrn  in  an  advanced 
state  of  development,  with  their  eyes  open  and  their  bodies 
oovei'ed  with  hair,  as  indeed  is  absolutely  essential 
owing  to  the  nature  of  their  environment  and  the  active 
muscular  powers  they  have  to  exert  soon  after  their  entry 
into  the  world.  But  the  young  of  the  naked  bat  would 
seem  to  have  no  need  either  of  protection  from  cold  or  of 
active  muscular  exertion  during  its  sojourn  in  the  nursing- 
pouch.  Is  it  then  born  naked,  or  does  it  when  just 
formed  retain  the  hairy  coat  of  the  ancestral  type  from 
which  it  is  descended  ?  Some  might  even  go  so  far  as  to 
suggest  that  the  young  of  a  bat  thus  specially  protected 
as  soon  as  it  enters  the  world  would  ba  born  in  a  helpless 
condition  recalling  that  of  young  marsupials  ;  biit  there 
are  considerations  which  render  this  idea  improbable. 


Conducted  by  M.  I.  Cross. 

"  Sprixg-tails." — While  examining  some  duck  weed  (lemiia), 
a  number  of  minute  black  insects  were  noticed  which  continually 
jumped  and  sprang  in  all  directions.  These  turned  out  to  be 
specimens  of  Poiliii-a  aqdut/ca,  commonly  called  "  Spring-tails," 
a  low  type  of  insect  life,  in  which  the  mouth  parts  have 
degenerated,  a  coUophore,  or  sucker,  has  developed  on  the  ventral 
side  of  the  abdomen,  and  the  caudal  spines  present  in  some 
nearly  related  fpecie.s  have  been  modified  into  an  apparatus 
placed  under  the  abdomen,  which  jerks  the  insect  suddenly  and 
sharply  into  the  air.  Podara  (jquatica  is  very  small,  ^\  of  an 
inch  long,  and  several  can  be  kept  alive  in  a  cell  and  examined 
from  time  to  time  under  the  microscope.  This  is  most 
interesting,  as  their  movements  are  slow,  except  when  the  spring 
3. 


Fig.  1. — "  Spriug-tail,"  Podura  aquatica,  dorsal  view.  Fio.  2. — 
Ventral  view  of  P.  aquatica,  showing  the  mouth,  the  collophore,  and 
the  "spring"  in  its  normal  position.  Fro.  3. — Lateral  view  of  the 
posterior  end  of  the  inaect,  showing  the  position  of  the  spring  on 
bemg  released.  Fio.  4. — One  of  the  claws,  showing  the  gland  and 
perforation. 

comes  into  action,  and  their  appearance  grotesque  and  quaint. 
Sometimes  they  crawl  on  the  surface  of  the  cover-glass,  and  this 
gives  an  opportunity  to  examine  the  ventral  side,  and  the 
spring  aad  sucker.      Both  sides  of  the  body  are  shown  in  the 
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illustrations,  as  well  as  a  side  view,  showing  the  appearance  of 
the  spring  after  it  has  been  released.  The  sucker  is  supposed 
to  be  used  in  resting,  attaching  the  insect  to  an  object  ;  it  is  so 
rare  in  entomology,  that  those  families  possessing  it,  are  grouped 
in  the  sub-order  Collembola.  The  claws  are  also  provided  with 
a  gland  containing  a  viscid  secretion,  which  runs  down  a  minute 
perforation,  and  enables  the  "  S])riiig-tail  "  to  adhere  and  walk 
on  glass  head  downwards.  After  I  had  kept  the  insects  about 
ten  days  several  of  them  cast  their  skins.  They  are  said  to  eat 
them,  but  mine  did  not.  The  cell  alluded  to  can  be  made  thus  : 
Take  a  piece  of  thin  wood  or  stout  caidboard,  two  inches  long 
by  one  broad.  Out  of  one  of  the  ends,  punch  or  cut  a  hole, 
about  half  an  inch  from  side  to  side.  Cut  several  pieces  of 
blotting  paper  the  same  size  as  a  glass  slip  (three  inches  by  one 
inch).  Piuk  blotting  paper  must  be  used,  as  white  is  bleached 
by  a  chemical  injurious  to  insects.  Wet  the  blotting  paper,  place 
it  on  the  glass  slip  ;  on  this  jilace  the  wood  or  cardboard  in 
such  a  manner  that  the  hole  or  cell  is  in  the  centre  of  the  slip. 
After  having  placed  the  insects  with  some  weed  in  the  cell,  cover 
the  opening  with  a  square  piece  of  cover-glass.  Keep  the  whole 
bound  together  with  two  elastic  bands,  or  tie  with  thread. 
This  cell,  if  the  blotting  paper  is  I'aily  wetted,  will  keep  the 
insects  alive  for  a  considerable  time.  The  slip  can  be  kept 
under  a  bell-glass  to  prevent  evaporation. — W.  WfiScHt,  f.r.m.s. 

Determining  the  Numeric.vl  Aperture  of  Dry 
Oli.iECTivES. — Several  suggestions  have  been  made  for  rendering 
easy  the  exact  determination  of  the  N  A.  of  objectives,  but  the 
method  attributed  to  Mr.  Conrady,  which  appears  in  "  Photo- 
micrography," by  E.  J.  Spitta,  is  ])robably  one  of  the  simplest. 

Briefly,  the  system  recommended  is  as  follows  : — Two  pieces 
of  white  paper  are  laid  upon  a  black  background,  their  straight 
inner  edges  set  parallel  to  one  another  at  a  convenient  distance 
apart,  say  20  cm.  for  lenses  of  '5  N.A.  and  over,  but  less  for  low 
angled  ones. 

A  scale,  or  some  accurate  means  of  measuring,  is  held  vertically 
about  mid-way  between  the  two  pieces  of  paper,  and  the 
objective  to  be  tested  placed  vertically  against  the  edge  of  the 
scale.  It  will  now  be  noticed  on  examination  of  the  back  lens — 
the  eye  being  placed  at  a  distance  about  equal  to  the  tube  length, 
for  which  the  objective  is  designed — that  as  the  objective 
approaches  the  table  the  interval  between  the  images  of  the  two 
pieces  of  paper  will  widen  until  at  last  a  point  is  reached  where 
only  a  slight  bluish  flicker  remains  visible  on  either  side  at  the 
extreme  margin  of  the  lens. 

This  is  an  indication  that  the  inner  edges  of  the  pieces  of 
paper  are  in  the  path  of  the  most  oblique  rays  that  the  objective 
is  capable  of  receiving,  and  the  angle  between  these  two  points, 
taken  at  the  principul  focus  of  the  objective,  is  the  angle  of 
aperture. 

This  is  now  determined  by  reading  off  the  vertical  distance 
from  the  table  to  the  front  of  the  objective  in  this  position  and 
then  subtracting  the  working  distance  of  the  lens  so  as  to  get 
the  distance  from  table  to  focus. 

This  distance  divided  by  half  the  distance  between  the  two 
pieces  of  paper  is  the  co-tangent  of  the  semi-angle  of  aperture. 
The  latter  may  be  then  obtained  from  a  table  of  trigonometrical 
ratios,  and  the  sine  of  the  same  angle  is  the  N.A.  of  the 
objective. 

This  method  has  proved  wonderfully  accurate  and  rapid,  and, 
without  adding  to  the  labour  involved,  an  imjirovement  may  be 
effected  by  using  the  microscope  for  holding  the  objective  and 
determining  the  various  vanishing  points  by  the  rackwork. 

It  will  then  be  a  very  easy  matter  to  measure  the  distance 
between  the  sheets  of  white  paper,  which  can  be  conveniently 
laid  on  a  piece  of  black  cardboard  ou  the  stage  of  the  microscope 
in  front  of  the  objective. 

It  also  facilitates  the  measurement  of  the  working  distance  of 
the  lens.     Of  course  no  eyepiece  would  be  used. 

This  system  is  ajiplicable  to  dry  lenses  only. 

]\IiCi£i>S('Ol'E  Tahi.e. — In  the  number  of  this  journal  for 
November,  19()'2,  some  suggestions  were  made  and  devices 
invited  for  a  microscope  table,  suitable  for  work  in  a  restricted 
space,  and  in  the  January  number  a  correspondent  sent  details 
of  one  that  ho  was  using. 

We  have  since  receive<l  further  suggestions,  but  the  best 
emanates  from  Mr.  B.  II.  Morgan,  anil  will  be  appreciated  by 
reference  to  the  illustrations  herewith,  one  showing  the  table 
open  and  the  other  closed. 


The  table  top  measures  2  ft.  8  in.  by  1  ft.  3  in.,  and  with  the 
top  in  position  an  extra  shelf  is  available,  2  ft.  8  in.  by  10  in. 


Microsco])e  Table. 

This  top  rests  on  two  brass  tubes  which  push  out  from  the  sides. 

The  eight  drawers  vary  in  size,  the  largest  wiU  take  10  oz. 
bottlts,  and  the  smallest  3  in.  by  1  in.  slips. 

The  front  is  removed  when  in  use,  and  when  in  position  it  is 
held  by  two  dowels,  and  one  lock  secures  the  whole.  Such  a 
table  could  be  mounted  on  a  sewing  machine  stand,  or  on  proper 
bench  legs. 

The  advantages  of  such  a  table  will  at  once  be  obvious,  everv- 


Microscope  Table. 

thing  can  be  closed  and  left  in  position  at  a  moment's  notice, 
and  dust  is  excluded. 

PiiOTOcu.vriii.NG  Im.\(;es  in  the  Cornea  of  a  Beetle's 
Eve. — There  are  probably  few  objects  which  create  so  much 
interest  as  the  exhibition  of  multiple  images  in  the  cornea  of  a 
beetle's  eye,  and  correspondents  constantly  write  to  inquire  how 
the  effect  is  produced. 

I  have  previously  indicated  the  method  in  these  columns,  and 
now  in  response  to  further  requests,  describe  the  mauuer  of 
photographing  those  multi])le  images. 

The  following  is  a  simple  jirocess  :— The  subject  that  is  to 
appear  in  the  facets  of  the  cornea  has  to  be  made  transparent, 
in  other  words  a  reduced  negative  has  to  be  taken,  and  a 
transparent  positive  copied  from  it.  A  convenient  size  for  this 
will  be  J  in.— i;  in. 

This  may  now  be  placed  in  the  stop-holder  of  any  condenser 
mount  with,  preferably,  the  condenser  removed.  All  light 
should  bo  blocked  out  around  the  transparency. 

Either  i  in.  or  i  in.  objectives  may  be  us-ed,  and  the  instru- 
ment should  be  fitted  to  the  photo- micro  camera  in  the  ordinary 
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way.     It  will  be  necess.iry  to  have  in  addition  to  the  source  of 
illuminatiou  a  bull'.s-ev-e  condenser. 

Remembering  that  the  images  do  not  come  into  view  in  the 
same  focal  plane  as  the  cornea  itself,  but  in  a  higher  one,  the 
same  as  when  viewing  the  images,  the  subject  is  focussed  on 
the  ground-glass  screen  of  the  camera,  and  the  negative  taken. 
Heads  and  busts  of  people  seem  to  form  the  most  suitable  and 
popular  objects  with  which  to  experiment. 

Practicai,  Scueme.— Through  the  kindness  of  Mr.  A.  H. 
Williams,  of  Hythe,  we  are  able  to  ofEer  a  quantity  of  zoophyte 
material  for  distribution.  Any  readers  desiring  to  avail  them- 
selves of  this  are  invited  to  send  a  stamped  addressed  envelope, 
together  with  the  coupon  which  will  be  found  in  the  advertise- 
ment pages.  I-.M 

NOTES   AND   QUERIES. 

A.  Merjxon. — I  am  not  quite  sure  from  your  letter  whether 
you  require  a  book  on  biology  or  on  natural  history  ;  but  if  it 
is  to  have  special  reference  to  the  numerous  subjects  which  are 
available  for  microscopical  examination,  you  cannot  do  better 
than  procure  "  The  Microscope  and  its  Revelations,"  by 
Carpenter,  edited  by  Dr.  Dallinger,  and  published  by  Churchill. 
For  Protozoa  only  you  would  probably  find  the  work  entitled 
"  The  Foraminifera  :  An  Introduction  to  the  Study  of  Protozoa," 
by  F.  Chapman,  very  helpful. 

Communications  and  enquiries  on  Microscopical  matters  are 
cordially  invited,  and  should  be  addressed  to  M.  I.  CROSS, 
Knowledge  Office,  326,  High  Holborn,  W.C. 


NOTES   ON   COMETS   AND   METEORS. 

By  W.  F.  Denning,  f.r.a.s. 

Boreellt's  Comet  (1903  c).— This  comet  is  noiv  visible  only  in 
the  southern  hemisphere  as  an  exceedingly  faint  object.  Some 
interesting  reports  of  observations  are  given  in  Popular  Astronomy. 
Mr.  C.  D.  Perrine  at  the  Lick  Observatory  writes  that,  with  the 
Crossley  reflector,  a  spectrum  was  obtained  with  a  small  slit-spectro- 
graph  on  July  15,  with  an  exposure  of  four  hours.  Fire  bands  were 
shown  similar  to  those  pliotograplied  by  Campbell  in  Rordame's  comet 
of  1893,  and  Gale's  comet  of  1894.  The  brighter  of  tlie  bands  show 
evidence  of  composite  character,  altliough  they  are  not  resolved.  Very 
little  continuous  spectrum  is  exhibited.  Mr.  hf.  D.  Curtis  observed 
the  spectrum  with  the  36-inch  refractor  on  July  14  and  15,  and  says 
that  visually  it  showed  a  relatively  strong  continuous  sjiectrum  and 
three  characteristic  bands.  Of  these,  that  at  \  4700  seemed  brightest. 
An  attempt  was  made  to  photograpli  the  spectrum,  but  the  intrinsic 
brightness  of  the  comet  was  too  small.  The  comet  itself  was  photo- 
graphed on  several  occasions,  and  two  tails  appear  on  all  the  plates 
except  the  last  (July  141.  On  June  30  the  primary  straight  tail 
extended  over  5  degrees,  while  the  secondary  curved  tail  had  a  length 
of  li  degiees.  On  July  14  there  was  one  straight  narrow  tail  8i 
degrees  long. 

From  observations  of  the  same  comet  made  by  M.  Deslandrea  at 
the  Meudon  Observatory,  and  reported  in  the  Comp/es  Sendus,  it 
appears  that  tlie  spectrum  was  found  of  the  characteristic  hydro- 
carbon type,  but  in  the  region  of  the  nucleus  some  additional  bands 
were  faintly  exhibited.  M.  Deslandres  tliinis  that  the  temperature 
of  the  comet  is  sufficiently  high  to  bring  about  incandescence,  and 
concludes  that  the  spectrographic  method  is  capable  of  increasing 
our  knowledge  of  cometary  physics  by  defining  the  structiu-al  motions 
of  comets. 

BaooKs's  Comet  (1889  T.— 1896  VI.).— Too  faint  lo  be  observed 
in  small  telescopes,  this  periodical  comet  is  now  situated  in  the 
eastern  region  of  Capricornus,  near  «,  and  moving  very  slowly  east- 
wards in  a  direction  away  from  the  earth,  though  its  perihelion 
passage  will  not  occur  until  December  11. 

GiACOBisi's  Comet  (1896  V.). — Astronomers  have  been  sweeping 
for  this  object,  but  apparently  without  success.  It  passed  its  perihelion 
in  June.  On  October  28  its  position  is  R.A.  3h.  55m  ,  Dec.  -I-  8°  7', 
or  about  10  degrees  S.  VV.  of  the  Hyades  in  Taurus,  and  the  motion  is 
extremely  slow  to  S.W. 

MErEOEio  Showers  rx  September. — Not  many  meteors  were 
observed  in  September  this  year,  but  the  month  is  usuallv  a 
productive  one  both  of  fireballs  and  ordinary  shooting  stars.  In  the 
morning  hours  at  this  iieriod,  swift,  streaking  meteors  are  sometimes 
very  numerous,  and  their  discursive  flights  afford  evidence  of  an 
abundance  of  radiants  distributed  over  the  eastern  quarter  of  the 
heavens.  As  a  means  of  reference  during  future  observations  the 
following  list  has  been  compiled  of  the  positions  of  the  principal 
showers.     These  include  the  swifter  class  of  meteors  only ;  there  are 


a  considerable  number  of  streams  of  slow  meteors  visible  at  the  same 
season,  but  these  are  chiefly  placed  in  the  southern  sky,  and  generally 
best  observed  in  the  evening  hours  : — 

Kadiaxts  OP  Swift,  Streaking  Metbobs,  Septembeb  10-27. 


48  -h  44 

55  +  71 

56  -  12 

57  -I-  9 

60  +  49 

61  +  30 
63J  +  22i 
71+3 

74  +  42 

75  ■*-  15 


77  +  32 

78  +  57 
80  +  24 

86  +  34 

87  +  42 

87  +  57 

88  +  19 
98  +  43 

100  +  13 

105  +  51 


105  +  69 

1U7  +  12 

111  +  24 

115  -H  83 

118  +  31 

123  +  HI 

127  ■^  .58 

130  +  46 

134  +  37 

156  +  41 


The  most  active  of  these  appears  to  be  the  one  at  61°  +  33°,  near 
I  Persei. 

The  Leoxids. — There  will  be  little  appreciable  interference  from 
moonlight  in  1903,  and  the  shower  should  be  carefully  looked  for  on 
the  mornings  of  November  14  to  17.  The  conditions  scarcely  justify 
the  anticipation  of  a  plentiful  display,  but  it  may  be  confidently  stated 
that  the  Leonids  will  return,  if  not  in  rich  numbers,  at  least  in 
sufficient  strength  to  form  a  definite  shower  and  to  enable  their  point 
of  radiation  to  be  redetermined.  That  the  stream  is  one  of  annual 
occurrence,  like  the  August  Perseids,  is  certain,  though  there  is  a 
marked  distinction  between  the  two,  the  Leonids  being  very  thickly 
clustered  near  the  parent  comet  and  scantily  dispersed  over  other 
sections  of  the  ellipse,  wliereas  the  Perseids  form  a  pretty  rich  and 
evenly  strewn  orbit  capable  of  yielding  a  moderately  strong  shower 
every  year. 

Large  Meteors. — Mr.  A.  C.  Sykes,  while  at  Wadbury,  near  Frome, 
Somerset,  on  September  12,  9h.  23m.,  saw  a  meteor  brighter  than 
•Tupiter  pass  from  a  considerable  distance  above  that  planet  to  above 
and  beyond  Altair,  the  direction  being  from  Andromeda.  It 
descended  at  an  angle  of  about  15°  and  left  a  luminous  streak  for 
3  seconds.  Probably  the  meteor  was  one  of  the  e  Perseids.  On 
September  23,  at  12h.  30m.,  the  writer,  at  Bristol,  recorded  a  bright 
flashing  meteor,  whicb  must  have  exceeded  Venus,  with  a  path  from 
78°  +  68°  to  127"  -r  77°,  and  a  radiant  at  63°  +  23°.  Its  uneven 
streak  remained  risible  about  15  seconds.  It  is  to  be  hoped  that  this 
fine  specimen  of  the  September  Taurids  has  been  observed  at  other 
stations.  The  particular  shower  from  near  c  Tauri  to  which  it 
belonged  is  a  tolerably  active  one  during  the  third  week  in  September. 
On  October  3  two  meteors  rather  brighter  than  Sirius  were  observed 
at  Cardiff  at  lOh.  5m.  and  lOli.  12m.  respectively.  The  first  moved 
from  Perseus  towards  the  Pleiades,  an!  vanished  about  3  degrees 
west  of  that  cluster.  The  second  travelled  more  slowly,  and  pursued 
a  lonzer  course,  from  Polaris  to  Capella.  On  October  13,  at  9h.  20m. 
G.M.T.,  Mr.  W.  H.  S.  Monek,  of  Dublin,  saw  a  meteor  equaUing 
Jupiter  in  apparent  brightness.  It  passed  slowly  from  a  little  below 
the  double  star-cluster  in  Perseus  to  between  Capella  and  Ursa 
Major,  and  finally  disappeared  in  that  part  of  the  Lynx  bordering 
L"rsa  Major. 

Detonating  Fieebail. — On  Saturday  afternoon,  October  3,  a 
large  aerohte  is  reported  to  have  fallen  near  Tain,  in  the  north  of 
Scotland.  It  appeared  as  a  ball  of  fire,  which  burst  immediately 
over  the  town,  and  gave  a  thunder-like  report  audible  over  a  wide 
extent  of  the  siu'rounding  country.  Doors  and  windows  rattled  in 
the  villages  of  Eastern  Ross,  and  the  inhabitants  were  greatly 
alarmed.  A  telegram  fi'om  Rogart,  Sutherland,  reports  a  shock  of 
earthquake  as  having  occurred  at  the  same  time,  but  this  was 
eertainlv  due  to  the  detonation  and  vibration  of  the  fireball. 


THE  FACE  OF  THE  SKY  FOR  NOVEMBER. 

By  W.  Shackleton,  f.r.a.s. 

The  Sun. — On  the  1st  the  sun  rises  at  6.53  and  sets  at 
4.34;  on  the  30th  he  rises  at  7.42  and  sets  at  3. -54. 

The  solar  disc  is  now  rarely  free  from  spots  and  faculae; 
at  the  time  of  writing  there  is  a  spot-group  of  considerable 
size  visible. 

The  Moon: — 


Phases. 

H.    M. 

Nov.    5 

O  Full  Moon 

5  28  A.M. 

,.     12 

j)    Last  Quarter 

2  46  A.M. 

„     19 

9  New  Moon 

5    10   A.M. 

..     27 

^    First  Quarter 

5  37  A.M. 
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The  moon  is  iu  perigee  on  the  lOtli,  and  in  apogee  on 
the  25th. 

The  more  interesting  occultations  visible  at  eouvenient 
hours  are  as  follow  :  — 


Disappearance. 

Reappearance. 

1      ^ 

§^ 

a 

a^   a 

<! 

Q 

s 

m 

1 

H 

as 

1^ 

0 

la 
an 

Angle  fr 
N.  Poin 

Angle  fr 
Vertex 

a 

1 

h.  m. 

o    '      o 

h.  m. 

o        o 

d.  h 

Nov.  1 

B.A.C.  809t 

,■>« 

0  30  a.m. 

77  1     43 

1  34  A.M. 

241   ,  204 

11    9 

,.     4 

(  Arietis 

h-h 

6  36  P.M. 

111  1  155 

7  19  P.M. 

205     243 

16    3 

7 

111  Tauri 

5'2 

U  10  p.m. 

140  ,  176 

11  47  P.M. 

205     238 

18    7 

,.      9 

A  Geiuiuorum 

:(■() 

8  43  P.M. 

«a  1    98 

9  28  P.M. 

301     340 

20    5 

,.    29 

44  Piscium 

6'U 

8    0  P.M. 

81        79 

9  16  P.M. 

229     212 

10  15 

The  Planets. — Mercury  is  in  superior  conjunction  with 
the  sun  on  the  21st,  and  throughout  the  month  the  planet 
is  not  suitably  placed  for  observation,  being  lost  in  the 
sun's  rays. 

Venus  is  a  bright  and  conspicuous  object  in  the  morning 
sky  for  some  considerable  time  before  sunrise,  and 
throughout  the  month  she  rises  I'ather  more  than  four 
hours  in  advance  of  the  sun.  She  attains  her  greatest 
westerly  elongation  of  46°  44'  on  the  28th.  With  slight 
optical  aid,  she  can  easily  be  seen  during  the  day,  and  as 
some  guide  to  her  position  the  following  table  gives  the 
time  she  is  on  the  meridian,  and  the  altitude  she  attains:  — 


Day. 

Time  ou  Meridian. 

Altitude. 

1 

9        A.M. 

40'^ 

10 

8.52  a.m. 

38i" 

20 

8.47  a.m. 

35" 

30 

8.46  a.m. 

32~° 

The  phase  of  the  disc  is  nearly  "  half,"  answering  to  that 
of  the  moon  about  six  days  old  ;  about  the  middle  of  the 
montli  the  diameter  of  the  disc  is  30". 

Mars  is  not  iu  a  suitable  position  for  observation,  being 
low  down  in  the  S.W.  shortly  after  sunset. 

Jupiter  is  favourably  placed  for  observation  throughout 
the  month  ;  at  the  beginning  of  the  month  he  souths  at 
8.20  P.M.,  and  at  the  end  at  6.30  p.m.  In  consequence  of 
his  increasing  distance  from  the  earth  his  apparent  polar 
diameter  has  diminished  to  about  41"  with  a  corresponding 
decrease  in  lustre.  The  planet  ends  his  retrograde  motion 
in  Aquarius  on  the  10th  when  he  is  at  the  stationary 
point;  after  this  date  his  motion  is  again  direct  or  easterly. 

The  configurations  of  the  satellites  as  seen  in  an 
inverting  telescope  at  8  p.m.  are  as  follow  : — • 


Day. 

West.         East. 

Day. 

West. 

1 

East. 

1 

4  2  1  O  .1 

16 

2 

O 

I  3 

2 

4  2   1   O  3 

17 

4 

O 

3  2  • 

3 

4  3   0   12 

18 

4 

3 

1 

o 

2 

4 

1.  3  1   0 

19 

4 

3 

•> 

o 

1 

5 

4  3  2   O   1 

20 

4 

3 

1 

o 

• 

(J 

4  3  1    O  2 

21 

4 

0 

I  2  • 

7 

4  O    1   3  2 

22 

4 

1 

2 

o 

3 

fS 

2   10   3* 

23 

■t 

2 

o 

1   3 

y 

2  0  3  4 

24 

1- 

1 

o 

3  2 

10 

0  2  4  • 

25 

3 

1 

o 

2  4 

11 

3  1    O  2  4 

26 

3 

2 

o 

1   4 

12 

3  2  0   14 
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The  circle  (O)  ropvcsenta  Jupiter ;  0  signifies  that  the  satellite  is 
on  the  disc ;  #  siguiUcs  lluit  (ho  sati'Uite  is  behind  the  disc,  or  in  the 
shadow.     The  numbers  are  the  numbers  of  the  satellites. 


Saturn  is  on  the  meridian  shortly  after  sunset ;  about 
this  time,  thereforCj  is  the  liest  for  observation,  as  he  is 
low  down  and  sets  about  9  p.m.  The  distance  of  the  planet 
from  the  earth  is  increasing,  hence  his  brightness  is 
diminishing.  The  diameter  of  the  ball  is  15",  whilst  the 
diameters  of  the  outer  major  and  minor  axes  are  38"  and 
13"  respectively  ;  we  are  looking  down  on  the  northern 
surface  of  the  ring  at  an  angle  of  20°,  consequently  the 
ring  appears  well  open. 

Uranus  is  approaching  conjunction  with  the  sun  and 
cannot  be  observed. 

Neptune  rises  about  7  p.m.,  near  the  middle  of  the 
month  ;  he  is  not  far  from  the  star  f/.  Geminorum,  as  shown 
on  the  chart  given  in  the  January  number. 

The  Stars. — About  9  p.m.,  at  the  middle  of  the  month, 
the  following  constellations  may  be  observed : — 
Zenith     .     Cassiopeia. 

South       .     Andromeda,  Pisces,  Cetus;  Pegasus,  Aquarius 
towards  S.W. 

West        .     Aquila,  Cygnus,  Lyra  a  little  north  of  west, 

Corona  N.W.,  setting. 
East  Auriga,   Perseus,  Pleiades,  Taurus ;   Aries  to 

the  S.E. ;  Orion  rising  S.E. 
North      .     Ursa  Major,  Ursa  Minor,  Cepheus ;  Draco  a 

little  west  of  north. 
Minima  of  Algol  will  occur  on  the  7th  at  11.23  p.m., 
10th  at   8.12    P.M.,    13th  at  5.1   p.m.,  28th    at    1.6  a.m., 
and  30th  at  9.55  p.m. 


Cijcss  (2Eolttmn. 

Bv     C.     D.     LOCOCK,     B.A. 


Communications  for  this  column  should  be  addressed 
to  C.  D.  LococK,  Netherfield,  Camberley,  and  be  posted 
by  the  10th  of  each  month. 

Solutions  of  October  Problems  (P.  H.  Williams). 

No.  1. 

Author's  Key.-  1.  Q  to  Q5. 

[There  is  a  second  solution  by  1.  Q  x  Kt.] 

No.  2. 

Key-nnire. — 1.  Kt  to  Q7. 

K  toQ4,  •      2.  QtoQB.3ch. 


If  1. 
1. 
1. 


.  .  B  to  B5,  2.  Q  to  B3ch. 

.  .  Other  moves,         2.  Q  to  B3ch,  etc. 

Solutions  received  from  "Alpha,"  2,  4;  W.  Nash,  2,  4; 
G.  A.  Porde  (Major),  2,  4;  "Looker-on,"  3,  4;  W.  H.  S  M., 
3,  4;  G.  W.  Middlotou,  3,  4;  "  Quidam,"  3,  4;  J.  W. 
Di.\on,  3,  4;  C.  Johnston,  3,  4;  H.  S.  Braiidreth,  2,  4; 
H.  F.  Culmer,  2,  4  ;  T.  Dale,  2,  4  ;  E.  M.  Oakley,  2,  4  ; 
E.  A.  Servante,  3,  4. 

Mr.  Williams'  two- mover  has  been  the  cause  of  Mr.  W. 
Nash  dropping  a  point  behind  the  other  three  leaders. 
As  we  can  hardly  expect  a  two-move  problem  to  perform 
the  service  of  separation  again  this  year,  two  three-move 
problems  are  given  this  month,  and  the  same  device  will 
probably  be  tried  next  month. 

B.  J.  BltDid. — Tlianks  for  the  game  and  problem.  The 
former  appears  below,  and  I  shall  hope  to  find  room  for 
the  latter  durim;  the  wiut^^r. 
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PROBLEMS. 

By  J.  W.  Abbott. 

No.  1. 

Black  (5). 


1^ 


H     11     B     I 


» » 


WniTE  (5). 

White  mates  in  three  moves. 
No.  2. 

Black  (5). 


Pi  wi 


^     rfif 


'^'M 


White   mates   in    three   moves. 


The  following  game  was 

reeentlv  phived  by  correspou 

»uce  in  India. 

"  Petrofi' 

s  Defence." 

White. 

Black. 

(R.J.  Bland,  Hyderabad.) 

(R.  J,  Bangalore.) 

1.  Pt(.K4 

I.  P  to  K4 

2.  Kt  to  KB3 

2.  Kt  to  KB3 

3.  Kt  to  QB3 

3.  P  to  Q3  l" 

4.  P  to  Q4 

4.  PxP 

5.  KtxP 

.5.  B  to  K2 

6.  B  to  K2  (a) 

G.  B  to  Q2 

7.  P  to  KB4 

7.  Kt  to  B3 

8.  P  to  B5  (6) 

8.  KtxKt? 

9.  Q  X  Kt 

9.  P  to  B4  ? 

10.  Q  to  Q3 

10.  B  to  B3 

11.  B  to  B3  (f) 

n.  Ktto  Q2 

12.  B  to  B4 

12.  Kt  to  Kt3  ((?) 

13.  Castles  Q's  side 

13.  Kt  to  Bsi] 

14.  Kt  to  Kt.5  ! 

14.  P  to  QR3  (e) 

15.  KtxP(ch) 

1-5.  KtxKt 

16.  BxKt 

16.  Q  to  Q2 

17.  P  to  K5 

17.  K  to  Qsq  (/•) 

18.  Q  to  QB3  {g) 

18.  KB  to  Kt4(ch)  (/O 

19.  K  to  Ktsq 

19.  QxP 

20.  B  X  B  fch) 

20.  PxB 

21.  QxP 

21.  P  to  B3  (i) 

22.  P  to  KKt4  {j ) 

22.  Q  to  K3 

23.  PxP 

23.  B  to  K6 

24.  PxP 

24.  Resigns,  (it) 

Notes. 

(a)  Not  6.  B  to  QB4,  on  ace  mut  of  the  reply  6.  .  .  Kt  x  P. 

(6)  On  principle  this  should  not  be  good,  as  it  enables 
Black  to  establish  a  Knight  at  Kl,  besides  leaving  the 
White  KP  weak.  Instead,  8.  B  to  K3  would  be  a  useful 
developing  move.  Black's  reply  is  bad,  and  his  next  move, 
weakening  the  QP,  still  worse. 

(c)  To  prevent  P  to  Q4. 

(rf)  Kt  to  K4  seems  the  obvious  move  here.  The  retro- 
grade movements  of  the  Knight  result  in  a  very  cramped 
game,  and  the  immediate  loss  of  a  Pawn. 

(e)  Black  would  equallv  lose  a  Pawn  after  14.  .  . 
BxKt,  15.  QxBch,  Q  to  Q2,  16.  QxQeh,  KxQ.  17.  P 
to  K5,  etc.  But  Castling  would  be  better  than  the  wasted 
move  with  the  RP. 

(/)  He  might  as  well  get  Castled  on  the  Queen's  side, 
and  so  leave  the  other  Rook  free.  In  addition  he  should 
e.xchange  the  distant  Bishops 

(3)  The  beginning  of  a  good  final  combination,  in  which, 
however,  as  at  many  other  stages,  he  is  considerably  aided 
by  his  opponent's  weak  play. 

{K)  After  this  he  can  no  longer  Castle.  He  should  still 
exchange  the  other  Bishops. 

(i)  He  cannot  well  retire  the  Queen,  on  account  of  the 
threatened  advance  of  the  KP. 

{j)  Good  enough,  but  perhaps  KR  to  Bsq.  is  even 
stronger. 

{k)  For  if  24.  .  .  KR  to  Ktsq.,  25.  Q  to  R.5ch,  K  to  Q2, 
26.  B  to  B8  dis.ch.  wins  easilv. 


CHESS   INTELLIGENCE. 

The  proposed  match  between  Dr.  Lasker  and  Mr.  P.  J. 
Marshall  having  fallen  through,  as  might  have  been  ex- 
pected, the  latter  has  found  an  opponent  in  Mr.  Black- 
burne,  who  will  play  a  match  with  him  shortly.  It  is 
understood  that  Mr.  F.  J.  Lee  is  also  willing  to  encounter 
the  American  expert. 

The  Hastings  Chess  Club  Team  of  ten  players  has 
recently  concluded  a  very  successful  tour  among  the  prin- 
cipal cities  of  Germany.  Out  of  six  matches  played  three 
were  won,  two  lost,  and  one  drawn.  The  one  decisive 
defeat  (at  the  hands  of  the  Berlin  Chess  Association)  was 
the  result  of  a  match  not  originally  on  the  programme  of 
the  tour. 
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EDITORIAL. 

The  brilliant  discovery  of  Radium  stands  out  con- 
spicuously as  the  most  striking  scientific  event  of  the 
closing  year,  but  on  looking  back  one  may  note  that 
1903  has  been  marked  besides  by  many  solid  advances 
in  most  branches  of  science.  KNOWLEDGE,  we  may 
hope,  has  done  its  part,  as  has  ever  been  the  aim  of 
its  conductors,  in  helping  to  record  these  events,  and 
in  keeping  its  readers  in  touch  with  important  re- 
searches in  many  directions.  As  in  the  past,  so  now, 
we  pass  our  cordial  thanks  to  contributors  and  sub- 
scribers alike  for  enabling  us  to  produce  this  Twenty- 
si.\th  Volume  of  our  Journal,  while  to  the  Press  we 
would  also  express  our  indebtedness  for  nian\-  valued 
reviews  of  our  work. 

Looking  forward  to  the  coming  year  of  1904,  and 
dealing  first  with  Astronomy,  which  we  are  glad  to 
find  claims  from  year  to  year  an  increasing  and  yet 
more  ardent  band  of  devotees,  we  have  to  announce 


that  Miss  Agnes  M.  Gierke,  to  whom  we  have  been 
indebted  during  the  past  year  for  five  most  informing 
essays  on  "  Modern  Cosmogonies,"  will  contribute 
further  papers  on  the  same  subject  during  the 
coming  year.  Mr.  E.  Walter  Maunder  will  write  a 
series  of  papers  dealing  with  the  Sun  as  a  subject  for 
observation  with  Small  Telescopes,  and  the  relation  of 
Sunspots  to  various  terrestrial  phenomena.  Mons.  E. 
M.  Antoniadi  has  kindly  promised  the  services  of  his 
clever  pen  and  pencil  in  illustrating  the  subject,  and  we 
feel  sure  that  Mr.  Maunder  will  find  many  interested 
readers  who  possess  a  small  telescope,  while  others, 
who  are  not  so  provided,  may  be  induced  to  equip 
themselves,  and  study  the  sun  under  his  guidance. 
Other  contributions  in  Astronomy  will  include  an 
illustrated  paper  on  Saturn  by  the  Rev.  T.  E.  Phillips, 
which  will  appear  in  the  January  number,  and  papers 
by  Dr.  Isaac  Roberts,  Messrs.  J.  E.  Gore,  W.  F. 
Denning,  and  others. 

The  column  hitherto  devoted  to  Comets  and 
Meteors,  and  so  ably  conducted  by  Mr.  Denning,  will 
be  discontinued,  but  notes  of  prime  importance  in  this 
subject,  as  well  as  in  Planetary  observations,  are 
promised  from  time  to  time  by  Mr.  Denning. 

We  regret  to  announce  the  retirement  of  Mr. 
M.  I.  Cross  from  the  control  of  the  Microscopy 
Columns,  and  take  this  opportunity  of  cordially 
thanking  him  for  his  most  efficient  and  successful 
work  during  the  past  years.  At  the  same  time  we 
are  pleased  to  announce  the  accession  to  our  ranks 
of  Mr.  F.  Shillington  Scales,  whose  ability  to  conduct 
the  Microscopy  section  with  success  will  be  recognised 
by  those  interested  in  the  science. 

The  increasing  interest  in  physical  subjects  has  led 
us  to  arrange  with  Mr.  Edwin  Edser  for  a  series  of 
papers  on  the  Paradoxical  Properties  of  Fluid 
Motion.  In  other  subjects,  Mr.  \\ .  1'.  Pycraft 
promises  a  few  papers  on  some  aspects  of  Evolution 
in  Birds,  and  Mr.  George  Massee  will  write  upon  the 
habitats  and  distribution  of  Fungi,  and  their  influence 
for  both  good  and  bad  upon  other  forms  of  life. 
Mr.  William  Marriott  will  contribute  some  articles  on 
Practical  Meteorology,  dealing  with  Temperature, 
Rainfall,  and  Sunshine  ;  while  Mr.  R.  Lydekker  is 
providing  some  illustrated  essays  on  Pala.>ontological 
subjects,  in  which  he  will  discuss  the  Ancestry  of  the 
Horse,  the  Camel,  the  Carnivonv,  and  other  mammals. 

The  Third  Annual  Competition  for  the  Chess 
Challenge  Trophy  begins  with  the  problems  in  the 
January  number,  where  the  conditions  of  the  Tourney 
will  be  found.  The  contest  for  the  year  1903  has 
been  very  close,  the  previous  holder  having  fallen 
behind,  and  retired. 
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THE    STRUGGLE    FOR    EXISTENCE    IN 
SOCIOLOGY. 

By  J.  Collier. 
IV. 
The  Linguistic  Struggle. 
It  is  estimated  that  over  .5000  distinct  languages  are 
spoken  among  men.  A  calculating  prodigy  would  be 
wanted  to  compute  with  exactness  how  many  separate 
dialects  are  in  use.  Sixty  vears  ago  it  was  reckoned  that 
sixty  different  vocabularies  were  to  be  found  in  Brazil, 
but  the  actual  number  must  be  far  greater,  for  in  much 
smaller  Mexico  the  Nahua  language  has  broken  up 
into  700  dialects.  There  are  hundreds  in  Borneo.  In 
Australia  there  is  no  classifying  the  complexities.  And, 
generally,  the  number  of  dialects  is  in  inverse  proportion 
to  the  intellectual  culture  of  the  population.  Assume 
that  only  fifty  dialects  on  an  average  belong  to  every 
language,  and  we  have  the  colossal  total  of  a  quarter  of  a 
million  linguistic  varieties.  In  this  Babel  the  battle 
(what  we  call  battle)  is  incessant.  Could  we  examine  the 
habitat  of  a  language  or  a  dialect  as  we  watch  the 
advancing  or  receding  boundaries  of  a  biological  species, 
we  should  perceive  its  frontiers  to  be  in  similar  continual 
movement,  as  now  one  and  now  the  other  gained  the 
victory.  All  manner  of  inflections — numbers  and  tenses, 
cases  and  moods — likewise  strive  with  one  another  for 
predominance.  Modes  of  utterance  dictated  by  differently 
modified  laryngeal  organs  struggle  for  superioritv.  Unlike 
manners  of  arranging  the  written  words  are  found  to  be 
mutually  incompatible,  and  several  succumb,  while  one 
survives  here  and  another  there.  The  visible  transcripts 
of  sounds  gather  into  alphabets,  and  the  cuneiform,  ideo- 
grammatic,  syllabic,  and  literal  contend  on  bloodless 
battlefields,  where  most  of  them  perish  or  else  live  on  in 
isolated  environments.  What  are  the  laws  of  the  conflict 
among  all  these  groups  'r  Canon  Isaac  Taylor  affirms  that 
"  plainly  the  laws  which  regulate  the  survival  of  language 
do  not  conform  to  the  same  conditions  as  those  which 
regulate  the  survival  of  race."  If  such  were  the  case, 
either  set  of  laws,  or  both  sets,  would  be  convicted  of 
unsoundness  or  inadequacy.  The  laws  of  evolution  are 
universal,  or  they  are  no  true  laws.  The  laws  of  survival 
are  identical  in  all  provinces  of  Sociology.  Thev  are  the 
same  as  those  which  govern  the  survival  of  vegetal  and 
animal  species.  "We  shall  endeavour  to  trace  the  more 
important  of  them  by  following  the  various  aspects  of  the 
linguistic  struggle. 

Among  Alphabets. 
The  decipherments  of  the  cuneiform  syllabary  bv 
George  Smith,  of  the  Cypriote  alphal)et  by  the  "same 
scholar,  and  of  the  Hittite  alphabet  by  Professor  Sayce, 
shed  gleams  of  light  on  a  conflict  among  alphatets.  The 
battlefield  was  Asia  Minor  and  Hellas.  The  competing 
alphabets  were  the  three  named.  The  Assyrian  svUabarv 
was  backed  by  physical  force.  The  victories  of"  Sargon 
and  Assurbanipal  had  made  the  influence  of  Assyrian 
civilization  felt  in  the  islands  and  peninsulas  washed  bv 
the  Mediterranean.  Yet  it  seems  never  to  have  been  in 
the  running  at  all.  We  are  told  that  the  triumph  of 
Darwinism  means  the  triumph  of  materialism.  Here 
military  conquest  availed  nothing  to  procure  acceptance 
for  an  inferior  script,  belonging  to  one  of  the  oldest  forms 
of  wi-itteu  language,  in  preference  to  less  archaic  tvpes. 
The  real  battle  was  between  two  of  these.  Dr.  William 
Wright  and  some  auxiliary  explorers  have  rescued  from 
oblivion  the  existence  and  some  portion  of  the  history  of 


an  empire  that  occupied  Northern  Syria  and  Cappadocia 
between  the  eighth  and  twelfth  centuries  b.c.  If  not 
the  Hittite  language,  at  least  the  alphabet  devised  by 
that  warrior  people  prevailed  all  over  Asia  Minor. 
Recently-discovered  inscriptions  reveal  its  true  character. 
Many  of  its  12.5  distinct  signs  were  ideograms — survivals 
of  the  picture-writing  stage.  It  therefore  stood  midway 
between  the  cuneiform  Assyrian  and  the  phonetic 
Phoenician.  It  travelled  south  and  west,  through  Lycia 
and  Caria,  Phrygia  and  Lydia,  dropping  some  portion  of 
its  cumbrous  structure  at  each  halting-place.  All  of  the 
alphabets  used  in  these  countries  seem  to  have  been 
derivatives  of  the  Hittite,  but  apparently  in  all  of  them  the 
ideographic  element  was  abandoned,  the  language  becoming 
more  phonetic  as  it  advanced.  Arriving  in  Cyprus,  it  had 
left  behind  it  more  than  half  of  its  baggage.  In  Cyprus 
and  Asia  Minor  a  new  struggle  ensued.  There  the  far 
handier  alphabet  which  the  Phoenicians  had  adapted  from 
the  Egyptian  came  into  competition  with  the  various 
tongues  adapted  from  the  Hittite.  The  clumsy  Cypriote 
alphabet,  with  its  60  letters,  most  of  its  consonants  having 
five  different  forms,  and  its  lack  of  aspirates,  could  not  in 
the  long  run  stand  against  the  simpler  Cadmeian  alphabet, 
but  was  maintained  to  the  time  of  the  first  Ptolemies  in  a 
secluded  environment  by  the  authority  of  the  priests.  In 
Asia  Minor,  which  was  less  closed  to  outward  influences,  the 
victory  of  the  Phoenician  alphabet  was  swifter.  It  expelled 
the  Hittite  alphabets,  some  of  whose  characters,  however, 
lived  on  by  the  side  of  Phoenician  to  supplement  its  im- 
perfections. No  military  force  was  at  the  back  of  the 
new  aljihabet.  No  priestly  sanctions  consecrated  it.  It 
had  nothing  in  its  favour  but  its  simplicity  and  its 
convenience.  It  was  propagated  by  a  commercial  people 
inhabiting  a  territory  thirty  miles  long  and  a  mile  broad. 
Yet  it  spread  over  no  small  part  of  the  world,  driving 
before  it  hundreds  of  cumbrous  syllabaries  or  forms  of 
picture-writing.  Its  universal  aficeptance  may  be  described 
as  the  triumph  of  utility. 

A  new  factor  in  the  linguistic  struggle  is  disclosed  by 
the  battle  at  this  moment  being  waged  in  Bosnia.  Both 
sides  speak  the  same  language — Croat,  but  they  write  it 
with  different  alphabets:  the  Catholics  with  Roman  letters, 
and  the  Orthodox  with  the  Cyrillic.  To  symplify  the  task 
of  the  public  teacher,  the  Austrian  Government  directed 
that  the  Latin  alphabet  should  alone  be  used  in  schools. 
The  innovation  provoked  a  loud  outcry  from  the  Orthodox, 
who  deemed  it  a  blow  to  their  religion.  The  Government 
had  to  yield,  and  once  more  in  history  physical  force  was 
worsted. 

Another  factor  is  revealed  by  the  conflict  in  Germany 
between  black-letter  characters  and  the  Roman  alphabet. 
It  is  costly  to  keep  two  distinct  kinds  of  type,  and  hence 
the  inferiority  of  German  typography.  The  strain  of 
reading  "Gothic"  print  doubtless  also  contributes  to  the 
myopia  prevalent  in  Germany.  Yet,  though  Roman  is 
manifestly  gaining  ground,  a  perverted  patriotism,  long 
fostered  by  a  Gothic  spirit  like  Bismarck,  maintains  the 
archaic  form. 

Among  Scripts. 

Words  were  first  written  vertically  or  columnwise,  and 
cliildren  are  still  taught  to  write  as  the  Greeks,  Hittites, 
and  Egyptians  wrote  from  three  to  ten  thousand  years 
ago.  Test  a  boy,  and  he  will  be  found  to  incline  to 
the  left.  The  deviation  was  regularised,  and  writing 
became  horizontal.  When  the  scribe  got  to  the  end  of  the 
line,  instead  of  turning  back  to  the  right,  he  began  in  the 
space  below  at  the  side  where  he  left  off.  It  is  almost 
the  ploughman's  way,  and  the  Greeks  named  it  "  ox- 
turning-wise."     Natural,  simple,  and  easy  as  the  plough- 
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mode  seems,  it  was  abandoned  in  favour  of  a  variant  on 
itself.  One  limb  of  the  furrow  was  kept.  From  right  to 
left  was  stereotyped  as  the  conventional  direction  in  the 
Orient,  which  never  advanced  beyond  it ;  from  left  to  right 
in  the  more  business-like  Occident.  All  four  methods 
CO  existed  among  the  Greeks,  and  in  other  countries  there 
was  a  conflict  between  two  or  more  of  them.  What  gave 
the  victory  to  the  horizontal  line  and  the  rightward 
direction  ?  Apparently  a  single  consideration.  The 
successive  transitions  followed  the  path  of  least  resistance, 
and  obeyed  the  principle  of  least  effort. 

Among   Orthoepies. 

The  same  imperious  principle,  aided  by  two  unlike 
factors,  decided  a  conflict  between  pronunciations.  In  the 
beginning  of  the  sixteenth  century  Greek  was  pronounced 
in  England  as  in  Greece ;  until  lately  it  was  spoken  as 
English  is  spoken.  By  what  agencies  was  the  change 
brought  about  ? 

1.  Two  groups  of  plants  or  animals,  originally  identical, 
grow  unlike  one  another  when  they  are  kept  apart.  The 
English  pronunciation  of  Greek  derived  from  Greek 
refugees,  was  gradually  so  much  forgotten  that  Greek,  as 
spoken  by  Englishmen,  grew  unintelligible  to  foreigners. 
It  was  evidently  assimilating^  itself  to  English  speech. 
2.  Two  young  Cambridge  2:)rofessors  who  had  not  learnt 
the  language  from  Greeks — Smith  and  Cheke — deliberately 
set  themselves  to  introduce  a  new  style  of  pronunciation, 
suggested  by  Erasmus,  modelled  on  English  as  it  was  then 
spoken.  3.  They  began  by  innovating  timidly.  Only 
now  and  then  did  they  let  drop  words  according  to  the 
new  method,  as  if  by  accident.  Day  by  day  they  increased 
the  number  of  words  thus  modified.  When  the  innovation 
was  detected,  they  owned  their  design  and  communicated 
their  plan  to  the  younger  men,  who  gladly  adopted  the 
new  way.  4.  Then  the  battle  commenced.  The  dons 
protested,  and  the  Chancellor  intervened.  He  issued  a 
succession  of  decrees,  commanding  the  old  way  to  be 
retained  and  the  new  abandoned.  Compulsion  stimulated 
opposition,  but  on  the  whole,  and  with  relapses,  the  old 
prevailed.  5.  The  issues  were  complicated  by  the  identifi- 
cation of  the  old  method  with  Catholicism  and  the  new 
with  Protestantism,  and  the  fortunes  of  the  struggle  waxed 
and  waned  with  the  fortunes  of  the  ecclesiastical  struggle. 
English  Greek  throve  under  Edward  VI.,  and  fell  back 
when  Mary  came  to  the  throne.  It  was  finally  triumphant 
only  with  the  triumph  of   Protestantism  under  Elizabeth. 

6.  The  underlying  operative  cause  of  the  change  was  the 
greater  ease  in  teaching  and  learning  the  new  way.  Pupils 
learnt  more  in  a  year  by  the  new  than  in  two  by  the  old. 

7.  Auxiliary  agencies  co-operated.  The  popularity  of 
Cheke  and  the  influence  of  the  Professor  of  Theology  at 
Cambridge  smoothed  the  path. 

Here  was  illustrated  the  struggle  for  existence  in  all  its 
forms.  The  new  species  or  variety  was  sown  or  planted 
by  foreign  agency,  or  else  a  variety  that  was  springing  up 
of  itself  was  cross-fertilised  by  a  foreign  element  It  was 
slowly  and  gradually  introduced,  battling  with  the  variety 
already  in  possession  of  the  ground.  The  battle  was  not 
fought  out  on  its  merits :  the  issue  was  not  deterniiued  by 
the  rightness  of  the  one  or  the  other  mode.  The  result 
was  governed  (1)  by  the  superior  ease  of  the  acquisition — 
namely,  by  its  fitness  to  the  environment;  (2)  by  the 
identification  of  the  new  struggle  with  a  greater  one— that 
of  Protestantism  ;  (3)  by  the  popularity  of  its  introducers 
and  the  authority  (disguised  force)  of  its  supporters. 
Lastly,  the  new  variety  was  represented  by  new  individuals, 
not  modified  old  individuals  ;  it  was  the  young  professors 
who  taught,  and  tiie  undergraduates  who  accepted,  the 
innovation.      The   old   mode   simply   died    out   with    the 


individuals  who   practised  it.     One  generation   was    con- 
sumed in  the  process. 

Among  Dialects. 

The  struggle  among  inflections  might  be  illustrated  by 
exhibiting  the  conflict  that  took  place  between  the 
immigrant  plural  and  the  dual,  which,  in  at  least  the 
majority  of  known  language^,  was  originally  in  exclusive 
possession  of  the  ground.  How  imperfect  was  the  victory 
of  the  invader  is  shown  by  the  fact  that,  in  the  richest  of 
ancient  languages,  the  dual  long  held  a  jjlace  by  the  side 
of  the  plural.  There  was  likewise  a  struggle  among  the 
various  ways  of  forming  the  plural.  In  Old  English  six 
distinct  species  of  plural  fought  for  superiority  All  but 
one  have  disappeared,  though  individuals  have  survived. 

At  the  end  of  the  tenth  century  four  chief  dialects  were 
used  in  the  north  of  France,  each  with  its  literature,  and 
all  with  equal  claims  to  predominance.  In  less  than  three 
centuries  the  dialect  of  the  Isle  of  France  supplanted 
Picard,  Burgundian,  and  Norman,  and  became  the  French 
language.  It  followed  the  conquests  of  the  Duke  of 
France.  Thus,  in  1203,  the  Duke  (become  the  King)  of 
France  annexed  Picardy,  and  "drove  out"  (historians  tell 
usj  the  Picard  dialect.  The  driving  out  consisted  in 
Picard  ceasing  to  be  spoken.  French  was  first  introduced 
into  oflicial  acts,  and  became  the  preferred  language  of 
oftlcials,  many  of  whom  were  doubtless  expoi-ted  from 
Paris.  It  was  taught  in  schools.  Picard  books  next,  and 
very  gradually,  were  written  in  French.  Pari  passu,  it 
was  adopted  Ln  writing,  or  on  ceremonial  occasions  bv  all 
who  wished  to  be  considered  educated,  even  if  they  often 
spoke  their  native  dialect  when  in  their  "  shirt  sleeves,"  as 
Cardinal  Newman  would  have  said.  The  populace  stuck 
to  the  speech  that  most  of  them  had  never  unlearnt,  and 
it  became  a  pafois,  or  a  merely  spoken  tongue.  The  two 
forms  long  co-existed,  as  English  and  its  various  dialects 
have  long  lived  side  by  side.  A  Burns  will  write  his  elegiacs 
in  English,  his  songs  in  Scots,  aud  his  odes  in  a  mongrel 
dialfit,  half  Scots  and  half  English.  A  Carlyle,  even  in 
London,  will  cling  to  his  northern  Doric.  So  an  Edward 
Fitzgerald,  in  full  nineteenth  century,  may  have  a  dialect 
"equal  to  Nithsdale."  These  are  the  unconquered  survivors 
of  a  victory  tliat  was  won  by  force  in  part,  and  by  force 
masked  as  authority,  but  also  in  good  part  by  the  at 
length  voluntary  surrender  of  the  lieateu  side. 

Among  Languages. 
The  linguistic  struggle  has  been  complicated  and 
incessant  in  most  European  countries,  where  many  nices 
have  lieen  in  conflict.  Three  or  four  languages  strove  for 
mastery  in  ancient  Gaul.  German  was  spoken  by  the 
12,000  Frank  invaders.  Popular  Latin  was  spoken  by  six 
million  Gallo-Romans.  Literary  Latin  was  the  language 
of  the  church  and  of  literature.  And  Low  Latin  was 
afterwards  the  language  of  administration.  German  was 
the  first  to  succumb.  In  four  centuries  it  ceased  to  be 
understood  by  the  soldiers,  and  in  seventy  years  more  it 
had  become  an  object  of  ridicule.  But  it  survives  in  more 
than  000  words,  expressing  the  things  of  government, 
law,  and  war,  and  thus  forms  no  insignificant  part  of  the 
French  language.  The  battle  between  Literary  aud 
Popidar  Latin  had  more  varying  fortunes.  lu  the  seeoud 
century  High  liatin  was  in  tlie  ascendant ;  it  was  the 
dialect  of  the  governing  and  educated  classes.  Two 
centuries  later  it  had  lost  its  ascendancy.  The  classes  that 
spoke  it  were  being  extinguished  by  the  decline  of  the 
Empii-e.  Popular  Latin  gained  the  upper  hand.  Theiv 
was  no  battle,  but  the  masses  that  spoke  the  vulgar  tongue 
were  found  everywhere,  while  the  handful  of  nobles  who 
spoke  the  literary  dialect  di-^appeared  day  by  day.  aud, 
alti'r    the    Germ;ui    invasions,    thev    must     have    lost    all 
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influence.  The  conversion  of  Popular  Latin  and  not 
Literary  Latin  into  literary  as  well  as  spoken  French  was 
a  consequence  of  this  defeat,  which  had  its  i)arallels  in 
Spain  and  Italy. 

The  coutliet  continues  everywhere  in  our  own  days. 
Thus  French  is  driving  back  all  but  one  of  the  languages 
spoken  on  its  frontiers.  It  kills  Celtic  in  Brittany, 
various  Languedoeian  dialects  in  the  south,  Flemish  in 
the  Department  of  the  North  and  in  Belgium,  and  German 
in  Switzerland.  In  the  Southern  Tyrol  Germanic  dialects 
are  retreating  before  Italian.  In  Posen,  on  the  other 
hand,  Polish  yields  to  German,  but  the  islets  of  German 
speech  in  Bohemia  melt  into  Czech.  In  Transylvania 
Magyar  recoils  before  Roumanian ;  in  Bukoviua  Roumanian 
recoils  before  Little  Russian.  On  the  banks  of  the  Volga 
the  Ural-Altaic  languages  disappear  before  Russian.  At 
all  these  points,  and  at  a  thousand  others,  the  struggle  is 
never  for  a  moment  intermitted.  The  census  records  its 
vicissitudes.  The  diminished  numbers  of  the  speakers  of  a 
language  is  that  of  its  dead.  Finally  it  survives  only  in 
remote  or  isolated  spots — in  the  mountains  of  Kentucky  or 
Tennessee,  in  the  wilder  districts  of  Ireland,  in  those  parts 
of  the  Scottish  Highlands  off  the  tourist  beat,  in  the 
Faroe  Islands,  or  wherever  nature  or  a  stationary  state  of 
society  prevents  the  immigration  of  new  species. 

Languages  owe  their  survival  or  their  conquests  to  a 
variety  of  causes.  No  more  than  races,  or  than  other 
sociological  species,  or  than  biological  species,  do  languages 
flourish  and  survive  on  their  merits.  Not  the  intrinsic 
superiority  of  a  language,  its  flexibility,  or  smoothness,  or 
strength,  or  the  wealth  of  its  vocabulary,  or  the  perfection 
of  its  inflections,  gives  it  the  victory  in  its  struggle  with 
rivals,  or  at  least  not  these  alone.  Attic  was  not  stronger 
than  Doric,  or  the  dialect  of  Wessex  than  that  of  North- 
umbria,  or  Erse  than  the  Norse  of  the  invaders  of  the 
west  coast  of  Scotland. 

Force  incarnated  as  political  ascendancy  plays  a  large 
part.  It  may  act  indirectly.  The  Roman  Conquest  made 
Greek,  and  not  Latin,  the  literary,  judicial,  and  commercial 
language  of  the  Orient  But  it  is  more  commonlv  direct. 
Through  conquest  Latin  drove  Greek  from  Magna  Graecia 
or  Southern  Italy,  Sicily,  and  Marseilles,  and  killed  the 
indigenous  languages  in  most  Western  countries.  So  did 
the  Aryan  invaders  impose  their  language  on  the  peoples 
of  India,  Greece,  and  Italy.  Yet  the  conquering  Teutons 
adopted  the  languages  they  found  in  Gaul,  Spain,  and 
Italy  ;  the  conquering  Normans  those  first  of  Normandy 
and  then  of  England. 

Numbers  are  force,  and  the  victorious  language  is  often 
that  of  the  more  numerous  race,  but  it  is  sometimes  that 
of  the  less  numerous;  the  Burgundians  are  shown  by 
skull-measurements  of  the  existing  population  to  have 
been  more  numerous  than  the  indigenous  population,  yet 
they  adopted  the  Latin  language.  The  conquering  Arabs 
and  Turks  must  have  been  far  less  numerous  than  the 
North  Africans  and  the  natives  of  Asia  Minor. 

Some  point  of  advantage,  extrinsic  to  the  language,  may 
endow  it  with  superiority.  Its  fitness  for  the  uses  of 
commerce  enabled  Aramaic  to  overcome  Hebrew,  Assyrian, 
and  Babvlonian.  The  prestige  of  French  conquests  "made 
French  the  language  of  diplomacy.  The  world-wide  com- 
merce of  England  has  made  English  a  world-wide  language. 

Yet  in  most  cases  it  seems  to  have  been  the  superior 
language  that  has  prevailed.  The  Aryan  languages  have 
almost  everywhere  extirpated  not  only  the  Turanian,  but 
also  the  highly-organized  Semitic  languages.  Owing  to 
the  wealth  of  its  vocabulary,  its  harmony,  and  its  flexi- 
bility, Hindustani,  a  language  born  in  the  camp  of  the 
Grand  Mogul,  has  supplanted  several  Indian  tongues,  and 
is  now  spoken  by  fifty  millions.     Perhaps  a  single  notable 


example  records  the  victory  of  the  inferior  language. 
Arabic  superseded  Greek  and  Latin  in  Syria,  Egypt,  and 
North  Africa.  The  defeat  of  the  higher  dialects  was  an  in- 
evitable consequence  of  the  defeat  of  the  higher  civilization. 
A  century  hence,  we  may  imagine,  all  other  struggles 
over  or  reduced  to  insignificance,  four  world-languages 
will  enter  on  an  unending  strife.  A  new  and  straight- 
forward German  will  lord  it  over  Central  Europe.  Imperial 
English  will  reign  alone  over  the  North  American  continent, 
and  a  more  business-like  Spanish  will  dominate  its  South 
American  sister.  While  Russian,  or  some  other  rich 
Slavonian  dialect,  will  blend  the  races  of  Eastern  Europe 
and  Central  Asia  into  a  harmonious  federation. 


MAN'S    PLACE    IN    THE    UNIVERSE."* 

By  E.  Walter  Maunder,  f.r.a.s. 
Dr.  Wallace  has  not  been  long  in  fulfilling  his  promise 
to  supplement  his  articles  on  the  above  subject  in  the 
March  and  September  numbers  of  the  Fortnightly  Review 
with  a  fuller  exposition  of  his  views  in  book  form.  Appear- 
ing so  soon  after  the  discussion  to  which  the  first  of  those 
essays  gave  rise,  the  public  interest  has  not  had  time  to 
subside,  and  the  book  ought,  and  beyond  doubt  will, 
attain  an  exceptionally  wide  circulation.  Should  this  be 
the  case,  as  we  trust  it  will  be,  the  success  of  the  book  will 
be  due  to  the  extraordinary  energy  and  promptitude  of  its 
venerable  author.  For  an  octogenarian  to  have  produced, 
in  barely  half  a  year,  so  large  a  volume  dealing  with  so 
wide  a  range  of  intricate  subjects,  and  involving  so 
large  an  amount  of  reading  and  reference,  is  in  itself  a 
remarkable  achievement. 

Dr.  Wallace's  great  object  is  to  prove, — or,  at  any  rate, 
to  show  that  it  is  exceedingly  probable, — that  this  earth 
upon  which  we  live  is  the  only  inhabited  world  in  the 
universe.  For  this  purpose  it  is  necessary  to  bring 
forward  some  form  of  reasoning  which  shall  not  only 
show  that  our  earth  is  the  only  planet  within  the  solar 
system  capable  of  sustaining  life,  but — a  far  more  diflicult 
proposition— to  show  that  no  sim  other  than  our  own 
could  have  a  life-bearing  planet  amongst  its  attendants. 
From  the  nature  of  the  case  we  cannot  see  a  single  planet 
of  any  star  whatsoever,  not  even  as  a  mathematical  point 
of  light.  The  only  mode,  therefore,  by  which  the  necessary 
argument  can  be  constructed  is  by  bringing  out  some 
point  of  difference  lietween  our  sun  and  all  other  suns,  [f 
the  system,  of  which  it  is  the  centre  and  luminary,  is  the 
only  one  in  which  intelligent  life  has  a  place,  then  it  is 
indeed  special,  peculiar,  unique.  And  if — and  this  is  Dr. 
Wallace's  fundamental  assumption — this  speciality  of  our 
sun  is  the  necessary  outcome  of  its  physical  properties  and 
conditions,  then  these  must  be  wholly  and  entirely  different 
in  some  most  important  characteristics  from  those  of  any 
other  of  the  untold  millions  of  stars. 

The  problem,  therefore,  is,  in  effect,  "  Is  our  sun  unique 
amongst  the  stars  ?  "  "  Have  we  been  able  to  detect  any 
difl'erence  between  it  and  all  the  host  of  its  brethren  ? " 
And,  if  so,  "  Is  this  difference  one  which  would  affect  the 
suitability  of  its  planetary  cortege  for  the  origin  and 
maintenance  of  life  ?  " 

Dr.  Wallace's  answer  to  these  questions,  as  given  in  his 
first  paper  in  the  March  number  of  the  Fortnightly  Review, 
was  that  our  sun  does  difter  from  all  others.  It  differs  in 
position.  It  is  in  the  very  centre  of  the  universe,  and 
nowhere  else  than  in  that  centre  could  life  have  been 
maintained  sufficiently  long  to  develop  intelligence.  He 
claimed   that   the   whole   trend   of  modern   astronomical 

*  "  Man's  Place  in  the  Universe  :  A  Study  of  the  Results  of  Scientific 
Research  in  Relation  to  the  Unity  or  Plurality  of  Worlds."  By  Alfred  R. 
Wallace,  Li.D.,  D.C.L.,  f.b.s.,  etc.     (Chapman  &  Hall.)     12s.  6d.  net. 


December,  1903.] 


KNOWLEDGE 


269 


discovery  tended  to  reverse  the  Coperuica,n  view  of  the 
earth,  if  we  miij  use  that  expression,  and  to  restore  the 
Ptolemaic,  that  our  solar  system,  in  which  this  earth  is  by 
far  the  most  favoured  planet,  was  the  central  system  of 
the  entire  sidereal  universe;  central  not  merely  as  to 
position  in  space,  Ijut  in  fundamental  importance.  "  We 
ourselves  are  "  the  "  sole  and  sufficient  result,"  the  "  ade- 
quate reason  why  such  an  universe  should  have  been  called 
into  existence."  And  "  nowhere  else  than  near  the  central 
position  in  the  universe  which  we  occupy  could  that  result 
have  been  attained." 

These  are  strong  and  far-reaching  expressions,  and 
oblige  us  to  interpret  Dr.  Wallace's  description  of  the  sun 
as  occupying  the  centre  of  the  sidereal  universe  with  a 
greater  rigidity  than  he  cared  to  admit.  But  we  must 
bear  in  mind  that  the  whole  point,  to  demonstrate  which  he 
has  directed  his  energies,  is  this  :  that  there  neither  is,  nor 
can  be,  any  other  inhabited  world  beside  our  own.  "We 
ourselves  are  the  sole  and  sufficient "  cause  why  the 
universe  has  "  been  called  into  existence."  And  in  his  first 
paper  the  one  physical  condition  upon  which  he  relied  to 
establish  the  improbability  of  life  arising  elsewhere  than 
here,  was  the  position  of  our  sun  in  the  centre  of  a  cluster 
of  suns,  and  that  cluster  situated,  not  only  precisely  in 
the  plane  of  the  Galaxy,  but  also  centrally  in  that  plane. 
If  tliere  was  another  sun  that  was  nearer  to  that  centre 
than  we  were,  or  even  substantially  as  near,  his  argument, 
such  as  it  was,  was  vitiated  in  its  essential  condition.  No 
expression,  therefore,  however  rigid  and  precise,  could 
have  so  ine.xorably  bound  him  down  to  the  idea  that  our 
system  was  exactly  and  pennanently  central,  as  the 
exigencies  of  his  argument  did.  This  was  a  position 
which  it  was  not  possible  for  astronomers  to  allow  to  pass 
unchallenged.  It  was  not  warranted  by  the  course  of 
astronomical  discovery,  and  if  it  should  be  widely  accepted, 
it  would  tend  to  hamper  our  progress  in  the  future.  The 
immense  problem  of  the  true  form  and  structure  of  the 
sidereal  system — a  problem  in  which  a  pi'ogress  has  been 
made  of  late  years,  which  Dr.  Wallace  has  either  overlooked 
or  ignored — will  only  yield,  so  far  as  its  solution  is  possible, 
very  slowly  and  gradually  to  patient,  painful  and  con- 
tinuous research.  But  if  we  are  to  assume  at  the  outset 
that  we  occupy  the  exact  centre  of  that  universe,  and 
invest  that  assumption  with  a  C[uasi-theological  authority, 
we  shall  have  conjured  ourselves  back  some  three  centuries 
or  more  into  the  position  held  by  those  who  resisted  and 
oppressed  Galileo,  and  free  enquiry  into  the  greatest  of 
physical  problems  will  have  come  to  an  end. 

The  criticism  offered  by  astronomers  has  had  a  good 
effect  upon  Dr.  Wallace's  book.  It  has  induced  him  to 
give  up  the  attempt  to  establish  the  unique  character  of 
our  sun  on  the  lines  of  a  supposed  central  position.  In 
his  article  in  the  FoHn'ujhlly  Review  tor  September  he 
withdrew  most  of  the  advantages  which  he  had  suggested 
might  accrue  to  our  system  from  that  position.  In  his 
book  he  gives  up  the  position  itself.  He  no  longer  plants 
the  sun  in  the  centre  of  the  hypothetical  solar  cluster,  but 
near  its  circumference  (p.  304).  He  no  longer  places  the  sun 
in  the  exact  geometrical  centre  of  the  Milky  Way,  but  about 
one-twelfth  of  the  diameter  of  the  ring  to  one  side  (p.  162). 
He  admits  implicitly  that  many  other  stars  are  as  well  or 
perhaps  better  situated,  and  suggests  that  the  advantage 
of  the  central  position  which  they  all  thus  share  is 
that,  being  far  within  the  circuit  of  the  Milky  Way,  they 
may  possibly  lie  ])rotected  by  it  from  certain  supposed 
emanations.  Now,  just  as  it  was  necessary  to  lodge  a 
protest  when  Dr.  Wallace  claimed  for  the  sun  a  central 
position  that  was  absolutely  unique,  so  now  there  can  be 
as  little  hesitation  iu  declaring  that  ho  lias  at  last  read 
rightly  his  authorities — Sir  John  Herschel,  Sir  Norman 


Lockyer,  and  others.  It  is  true  in  this  very  loose  sense 
that  the  sun  is  central  in  the  central  plane  of  the  Milky 
Way.  It  was  most  emphatically  not  true  in  the  sense  iu 
which  Dr.  Wallace  first  used  it. 

The  differentiation  between  our  sun  and  other  stars  is 
now  sought  to  be  brought  about  iu  a  much  more  legitimate 
way.  He  gives  just  prominence  to  Mr.  Herbert  Spencer's 
remarkable  essay  on  the  nebular  hypothesis.  It  is  true 
that  the  trend  of  more  recent  discovery  has  tended  to 
weaken  rather  than  support  Sjieneer's  argument.  He 
could  not  write  to-day  "  scarcely  any  nebulae  lie  near  the 
Galactic  circle,"  but  still  the  immense  probability  remains 
that  the  vast  majority  of  all  the  celestial  objects  which  we 
see  are  members  of  but  a  single  structure.  Whether  we 
are  acquainted  with  any  aliens,  and,  if  so,  what  proportion 
they  form  of  the  entire  celestial  host,  we  are  not  at  present 
able  to  decide.  Broadly  speaking,  stars,  nebulae  and 
Galaxy,  may  reasonably  be  regarded  as  portions  of  one 
and  the  same  building. 

His  next  step  is  to  point  out  that  stars  differ  in  their 
spectra;  consequently  our  sun  is  marked  off  from  all  stars 
not  of  its  own  type.  Further,  even  amongst  stars  of  the 
solar  type,  there  may  be  points  of  difference, and  Dr.  Wallace 
lays  great  stress  on  the  discovery  of  spectroscopic  binaries, 
already  numerous,  and  quotes  Prof.  Campbell  who  believes 
that  "  the  star  that  is  not  a  spectroscopic  binary  will  prove 
to  be  the  rare  exception."  For  both  these  statements 
Dr.  Wallace  has  full  and  ample  authority.  Nay,  more,  it 
is  highly  probable  that  we  need  not  stop  here,  but  that,  as 
our  knowledge  increases,  we  may  find  that  no  two  stars 
are  exactly  alike,  that  each  has  some  characteristic  special 
to  itself,  some  mark  of  individuality.  But  the  inference 
which  Dr.  Wallace  would  draw  is  certainly  unwarrantable, 
that  all  these  differences  necessarily  imply  unsuitability 
for  life-bearing  planets.  On  the  contrary,  since  he  accepts 
Sir  Norman  Lockyer's  view  that  spectrum  type  means 
simply  the  factors  of  time  and  temperature,  we  are,  on  this 
hypothesis,  in  a  position  to  assert  with  confidence  that 
solar  stars  have  existed  in  a  stable  condition,  like  our  own 
sun,  for  a  sufficient  length  of  time  for  intelligent  life  to 
have  developed  somewhere  within  their  attendant  system. 
To  reason  otherwise  is  to  beg  nakedly  the  very  question 
which  it  is  desired  to  prove.  And  in  effect  this  is  all  that 
his  present  argument  comes  to.  Though  it  is  a  great  im- 
provement on  the  original  argument,  yet  when  the  crucial 
step  has  io  be  taken  from  the  ascertained  facts  to  the 
wished-for  conclusion,  it  amounts  simply  to  assuming  the 
very  tlii'ug  that  has  to  be  proved. 

Tins  is  the  point  where  the  great  argument  of  the  book 
fails.  In  other  )Kirts  it  is  much  more  successful.  In 
chapters  X.,  XL,  XII.,  and  XIII..  where  Dr.  Wallace  is 
dealing  with  the  "  Essential  Characters  of  a  living 
Organism,"  with  "  Essential  life  Conditions,"  and  with 
"  The  Earth  in  its  Relation  to  Life,"  he  is  treating 
of  subjects  upon  which  we  have  direct  experimental 
knowledge,  and  mauy  of  which  he  has  made  largely  his 
own.  Here  it  is  possible  to  follow  him  with  much  of  both 
admiration  and  assent.  And  iu  chapter  XIV..  in  which  he 
claims  to  prove  that  "The  Earth  is  the  only  habitable  Planet 
of  the  Solar  System,''  applying  the  lessons  which  he  has 
drawn  iu  the  four  preceding  chapters,  his  argument  is  a 
strong  one.  Astronomers  who  have  suffered  much  of  late 
from  having  such  absurdities  fathered  on  them  as  the 
theory  that  the  "  canals "  on  Mars  are  evidence  of  the 
presence  there  of  skilled  engineers,  and  that  the  white 
spots  occasionally  seen  on  its  terminator  are  the  signals 
by  which  they  are  endeavouring  to  communicate  with  us, 
will  welcome  the  clearness  with  which  he  has  treated  this 
part  of  his  subject.  I  am  personally  exceedingly  glad  to 
see  that  Dr.  Wallace  argues  that  we  have  no  re;U  reason 
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for  supposing,'  "  tliat  the  moon  was  once  inhabited,  and 
that  Jupitev  will  be  inhabited  in  some  remote  future.'  This 
has  always  liccu  myown  opinion, and  I  think  that  his  method 
of  treating  this  particular  question  is  very  forcible.  Up 
to  the  present  time  geologists  have  Ijeeu  disposed  to  claim 
a  much  longer  duration  for  the  maintenance  of  the  present 
solar  radiation  than  astronomers  have  been  inclined  to 
allow.  Without  endeavouring  to  adjust  this  difference 
between  the  two  sciences,  the  inference  is  but  reasonable 
and  fair  that  no  planet  in  the  system  differing  very  greatly 
in  size  from  our  earth,  and  therefore  differing  greatly 
from  it  in  rate  of  cooling,  could  have  passed  through  the 
same  geological  and  biological  epochs.  There-  are  two 
small  points  in  this  chapter  which  are  stated  too  positively  ; 
these  are :  "  The  small  size  and  mass  of  Mars  being  such 
that  it  cannot  retain  aqueous  vapour ;  and  the  fact  that- 
Venus  rotates  on  its  axis  in  the  same  time  as  it  takes  to 
rv>volve  round  the  sun."  These  two  statements  ought  not 
to  have  been  made  without  some  caution  to  the  reader 
that  these  "  stated  facts  ....  are  by  no  means 
demonstrated,  because  founded  upon  assumptions  which 
may  be  quite  erroneous." 

The  promptitude  with  which  the  book  has  been  brought 
out  has  had  its  drawbacks,  for  there  are  several  indications 
of  undue  haste.  Some  of  these  are  misprints,  as  "  W.  W. 
Turner,"  on  page  142,  for  "H.  H.  Turner,"  and  "Barnham" 
for  "Burnham"  on  page  123,  and  again  in  the  index. 
Some  seem  to  be  due  to  misapprehension  of  the  authorities 
-quoted,  or  more  probably  to  carelessness  in  expression  due 
to  hasty  writing.  Thus,  for  example,  on  pages  59  and  60, 
our  author  says  that  to  the  naked  eye  no  extensive  region 
of  the  heavens  is  very  cons])icuously  deficient  or  superior 
in  the  number  of  the  stars  which  it  displays;  on  page  123, 
that  all  the  variable  stars  are  to  be  found  among  the 
spectroscopic  binaries  ;  and  on  page  106,  that  "  sunspots 
are  of  such  enormous  size  that,  when  present,  they  can 
easily  be  seen  with  the  naked  eye."  as  if  this  were  always 
the  case.  More  curious  are  his  inconsistencies.  On 
pages  91-93  he  gives  a  brief  account  of  the  determination 
of  the  sun's  movement  through  space.  This  is  in  one  of 
the  first  six  chapters  written  specially  "for  the  general 
educated  body  of  readers,"  ....  who  are  not  "  fairlv 
acquainted  -with  modern  astronomical  literature."  He 
states  there  that  the  motion  of  the  sun  is  probably  about 
12i  miles  a  second.  Later  on,  in  chapter  VIII.,  he 
devotes  some  pages  to  showing  that  Prof.  Tiu-ner  and 
myself  "made  demonstrably  baseless  statements,"  when 
we  sim]>ly  called  attention  to  this  very  solar  motion.  On 
page  143  he  objects  to  my  quoting  Sir  Eobert  Ball  on  the 
existence  of  dark  stars,  but  on  page  172  he  quotes  an  exactly 
parallel  passage  from  Sir  Eobert  Ball  to  support  himself 
when  he  finds  it  convenient  to  assume  that  dark  stars 
are  immensely  numerous.  On  page  50  he  quotes  Sir  John 
Hersehel's  description  of  the  Milky  Way  "  because  he,  of 
all  the  astronomers  of  the  last  century,  had  studied  it 
most  thoroughly."  On  page  162  he  contemptuouslv  jmts 
on  one  side  Sir  John  Hersehel's  remark  "  that  the  greater 
brightness  of  the  southern  Milky  Way  conveys  strongly 
the  imjjression  of  greater  proximity";  this  on  the  ground 
of  a  feature  of  the  beautiful  charts  by  the  late  Mr.  Sidney 
Waters.  It  escaped  Dr.  Wallace's  notice  that  the  feature 
in  question  was  a  necessary  result  of  the  projection 
emploved.  Whilst  it  siu-ely  was  a  great  mistake  to  argue 
as  if  the  Milky  Way  shone  in  the  same  manner  as  an 
illuminated  surface  (see  page  162).  These  are  but  a  few 
of  many  similar  oversights  or  inconsistencies. 

Still,  with  all  its  drawbacks,  the  book  is  a  wonderful 
one  to  have  been  produced  in  so  short  a  time  by  a  man 
who  has  devoted  his  foiu-score  years  to  a  science  which  is 
not  the  one  which  forms   the  major   part  of   the    book. 


With  all  its  want  of  precision,  it  is  full  of  interest  and 
charm,  es])ecially  when  we  come  to  the  chapters  dealing 
with  the  biological  side  of  the  question. 

Upon  that  question  as  a  whole  —the  question  whether 
life-bearing  planets  can  exist  in  other  solar  systems  than 
our  own — the  answer  of  science  is  clear  and  distinct.  It  is 
precisely  the  same  which  Prof.  Newcomb  recently  gave 
concerning  the  possible  inhabitants  of  Mars  :  '•  The  reader 
knows  just  as  much  of  the  subject  as  I  do,  and  that  is 
nothing  at  all."  Within  our  solar  system  we  can  indeed 
form  some  crude  estimate  of  probabilities ;  Ijeyond  it, 
nothing.  All  the  amazing  progress  of  modern  science,  all 
the  revelations  made  by  the  spectroscope  or  by  photography, 
all  the  advance  in  biology,  have  not  brought  us  one  step 
nearer  an  answer  to  the  question,  "  Is  this  the  only 
inhabited  world?"  We  stand  essentially  where  Whewell 
and  Brewster  did  half  a  century  ago;  or  we  might,  indeed, 
say  where  Galileo  and  Capoauo  were  three  hundred  years 
ago.  W^e  can,  indeed,  spin  out  the  discussion  at  greater 
length  than  our  predecessors,  and  can  introduce  a  far 
larger  number  of  more  or  less  irrelevant  facts,  but  of 
serious  ai'gument,  either  for  or  against,  we  are  entirely 
destitute. 


THE     MARKINGS     AND    ROTATION    PERIOD 
OF    SATURN. 

By  W^.  F.  Denning,  f.r.a.s. 

The  conspicuous  markings  observed  in  the  northern 
hemisphere  of  Saturn  during  the  present  opposition  have 
greatly  encouraged  observation  of,  and  interest  in,  a 
beautiful  object.  The  complaint  has  sometimes  been 
made  that  this  j)lanet,  though  forming  an  unique  picture, 
attractive  in  the  highest  degree,  yet  lacks  variety  and  the 
evidence  of  similarly  great  and  abundant  changes  which 
render  the  study  of  Jupiter  so  entertaining.  But  the 
aspect  of  Saturn  during  the  past  summer  has  led  to  a 
modification  of  opinion  on  this  point,  and  has  proved  that 
"the  ringed  orb"  is  occasionally  the  scene  of  extensive 
disturbances,  and  that  the  vapours  surrounding  him  are 
travelling  in  parallel  currents,  diffei'ing  in  their  relative 
velocities  even  more  widely  than  those  on  the  surface  of 
Jupiter.  In  future  years  it  is  fair  to  assume,  therefore, 
that  Saturn  will  be  more  closely  studied  than  hitherto. 
Apparently  he  has  been  somewhat  neglected  in  the  past ; 
his  ring-system  has  usually  occupied  chief  notice,  and 
perhaps  diverted  attention  from  more  important  pheno- 
mena displayed  on  the  ball.  In  viewing  this  planet  the 
observer's  principal  aim  has  been  to  obtain  glimpses  of  the 
crape  ring,  Encke's  division  in  the  outer  ring,  or  certain 
of  the  satellites,  and  thus  the  configuration  in  detail  of  the 
globe  has  escaped  critical  survey. 

Astronomical  records  furnish  comparatively  few  in- 
stances of  irregular  markings  on  Saturn,  and  when 
objects  of  this  kind  have  been  detected  they  do  not  appear 
to  have  always  been  followed  with  the  necessary  per- 
sistency. Sir  W.  Herschel  was  the  first  to  discover 
evidences  of  rotation,  and  to  determine  a  value  for  it.  He 
narrowly  watched  certain  inequalities  in  a  quintuple  belt, 
visible  in  the  planet's  southern  hemisphere  in  1793, 
December,  and  1794,  .January,  and  wrote  in  the  Philo- 
sophical Transactions  for  the  latter  year,  "I  can  at 
present  announce  the  reality  of  the  quick  rotation  by 
means  of  154  revolutions  of  the  planet,"  and  "  We  may- 
conclude  that  the  period  is  exact  to  ±  2  min.,  and  we  need 
not  hesitate  to  fix  the  rotation  of  Saturn  upon  its  axis  as 
lOh.  16m.  0-44s." 

Schroeter,  of  LiUenthal,  made  many  observations  of  this 
planet   more   than   a   cmtury  ago,  and   derived   rotation 
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periods  of  llh.  40m.  30s.,  llh.  51m.,  and  rather  more 
than  12h.,  from  various  markings  he  followed,  but  these 
results  are  very  doubtful,  and  astronomers  have  never 
attached  any  weight  to  them. 

Schwabe,  of  Dessau,  observed  markings  in  1847,  and  a 
round  bright  sj)ot  near  the  S.  limb  was  noticed  by  Busch 
and  Luther  in  1848.  Certain  dark  patches  were  seen  by 
Bond  in  1848  and  1854,  and  re-oUscrvcd  by  De  la  Kue  in 
185t).  Lassell,  Jacob,  Coolidge,  ]»:iwes,  Sccchi,  and  a  few 
others  also  detected  spots  at  about  tlie  same  period. 

Lassell  wrote  in  1857,  January  8  :  "There  are  certainly 
chronic  changes  of  great  magnitude  occasionally  occurring 
on  the  face  of  this  planet." 

Dawes  stated*  in  1858,  January  :  "I  have  observed  a 
well-marked  light  spot  in  the  S.  hemisphere  of  Saturn 
which  I  estimated  to  be  at  about  40°  or  50°  of  S.  latitude. 
It  was  nearly  in  the  axial  line  on  January  11,  at  lOh.  30m. 
G.M.T.,  and  again  on  January  14,  llh.  20m.,  on  both 
occasions  a  little  past  it." 

Lassell  viewed  Saturn  with  a  magnificently  defined 
image  in  his  20-feet  reflector  of  20  inches  aperture,  powers 
430  and  650,  on  1858,  April  17,  just  before  9  p.m.,  and 
said,t  "  Near  the  preceding  limb,  and  a  little  south  of  the 
equatorial  dark  belt,  was  a  brighter  portion,  too  large  to 
be  called  a  spot  yet  sufticiently  defined  or  marked  out  to 
be  useful  in  determining  the  rotation  of  the  planet." 

The  white  spot  seen  by  Dawes  on  1858,  January  11  and 
14,  and  that  observed  by  Lassell  on  April  17  of  the  same 
year,  were  ]irobalily  identical  objects,  with  a  rotation 
period  of  nearly  lOh.  25m.  Dawes'  two  observations 
sufficiently  prove  that  the  marking  exhibited  a  rate  not 
differing  greatly  from  lOh.  243ni. 

Prof.  Asaph  Hall  attentively  studied  Saturn  during 
the  fourteen  years  from  1875  to  1889  with  the  great 
Washington  refractor  of  26  inches  aperture  by  Alvan 
Clark,  and  found  that  the  ball  of  the  planet  presented  very 
few  changes,  the  most  remarkable  being  the  outbreak  of 
an  equatorial  white  s])ot,  first  seen  on  1876,  December  7. 
Prof.  Hall  paid  that  "  on  poor  nights  when  the  image  is 
blazing  and  unsteady  we  can  see  and  can  imagine  many 
strange  things  about  this  wonderful  object."  The  white 
spot  was  watched  from  1876,  December  7,  to  1877, 
.lauuary  2,  by  Profs.  Hall  and  Eastman  at  Washington,  by 
Mr.  A .  G.  Clark  at  Cambridgeport,  and  was  also  seen  by 
several  other  A  merican  observers.  A  number  of  transits 
were  secured,  and  from  these  it  appeared  that  at  intervals 
of  three  days  the  spot  arrived  at  the  planet's  central 
meridian  16  minutes  earlier  than  before.  Prof.  Hall  found 
for  the  time  of  rotation  lOh.  14m.  23-8s.,  with  a  probable 
error  cf  only  2-3  secs.;|: 

In  1891  and  three  following  years  a  considerable  numlier 
of  bright  and  dark  spots  near  the  equator  and  in  certain 
other  latitudes  of  Satuni  were  discerned  by  Mr.  A.  S. 
Williams,  of  Brighton,  with  a  6i-inch  reflector.  Tbe  results 
were  discussed  and  summarised  in  Mon/hly  Notices,  LIV., 
p.  298—314,  and  LV.,  p.  354-67. §  The  rates  of  the 
various  objects  differed  slightly,  ranging  between  about 
lOh.  13m.  and  lOh.  16s.,  but  they  appeared  to  present  a 
satisfactory  agreement  with  the  earlier  values  of  Herschel 
and  Hall.  It  is  only  fair  to  mention,  however,  that  several 
other  exi>erienced  observers  ||  employing  powerful  telescopes 
quite  failed  to  see  any  spots  on  Saturn  at  about  the  same 
period.     It  is  not,  however,  our  intention  to  discuss  the 


*  Monthlii  Notices,  XVIII.,  p.  72. 

t   Ihid.,  XVII I.,  p.  231. 

X  Axlronomische  Nachrichlen,  No.  21  US. 

§    See  also  Ast.  Nack.,  No.  3051. 

jl  Prof.  Barnnrd,  vvnting  in  1903,  .Tune,  says  that  during  all  the 
obanrvations  ho  had  previously  madr  of  Saturn  he  had  novor  seen  any 
inarliiiig  that  <'Ould  be  used  for  deionnining  the  rotation  period. 


question  whether  planetary  markings  can  be  easily  seen  in 
a  6i-inch  telescope,  and  their  individual  forms  traced  wliile 
instruments  of  36  inches  and  less  fail  to  show  any  vestige 
of  such  objects.  The  remarkable  efficacy  of  small  telescopes 
in  revealing  planetary  detail  has  often  been  admitted,  but 
comparisons  at  the  observatories  of  Mount  Hamilton, 
Princeton,  Chicago,  and  elsewhere  have  proved  the  un- 
doubted superiority  of  large  instruments. 

lu  1896  and  1897,  M.  Antoniadi,  using  the  9f-inch 
refractor  of  the  Juvisy  Observatory,  observed  dusky  con- 
densations on  the  north  equatorial  belt,  and  from  these 
he  ascertained  the  rotation  period  as  a  little  more  than 
lOh.  14m. 

During  the  last  quarter  of  a  century  Prof.  Hall's  deter- 
mination has  been  regarded  as  a  standard  value  for  tbe 
rotation  of  Saturn.  True  it  was  based  on  few  observations 
extending  over  twenty-seven  nights  only,  and  upon  an 
object  obviously  variable,  for  while  at  first  it  was  round 
and  2  or  3  seconds  of  arc  in  diameter,  it  resolved  itself  at 
last  into  a  bright  streak. 

The  planet  has  been  traversing  the  southern  signs  of 
Scorpio  and  Capricornus  during  the  last  few  years,  and  its 
low  position  in  the  sky  has  had  the  usual  effect  in  im- 
pairing tbe  definition  so  much  that  observers  in  northern 


Saturn,  1903,  August  21,  llli. 

latitudes  have  not  been  successful  in  detecting  any  irregular 
markings  on  the  disc.  The  present  opposition  has,  how- 
ever, provided  developments  of  very  important  and  inte- 
resting character.  Prof.  Barnard  was  examining  Saturn 
on  June  15.  21h.,  G.M.T.,  with  the  40-iuch  Yerkes  re- 
fractor, when  he  discovered  a  decidedly  marked  white  spot 
haU'way  between  the  central  meridian  of  the  planet  and 
the  following  limb.  Clouds  came  over,  but  the  marking 
was  recovered  on  June  23rd,  when  its  passage  across  the 
central  meridian  occurred  at  21h.  42in.,  Or.M.T.  It  was 
seen  again  on  June  24th,  and  the  central  transit  observed 
at  18h.  58m.,  G.M.T.  On  July  1st  the  writer,  at  Bristol 
(uuawai-e  of  previous  observations),  noticed  a  bright  spot 
on  Saturn  which  must  have  been  central  at  about  14h.  Im., 
though  it  had  passed  to  some  distance  west  of  the  central 
meridian  when  first  seen.  This  object  was  subsequently 
assumed  to  be  identical  with  Barnard's  spot  of  June  23rd, 
for  eighteen  rotations  of  lOh.  14im.  would  accord  well 
with  the  interval  elapsed  between  fhe  pair  of  tnmsits,  but 
further  observations  disclo.sed  the  surprising  fact  that 
the  new  markings  were  moving  far  too  slowly  to  l)e  con- 
sistent with  the  usually  accepted  rate  of  Saturn's  rotation. 
Graff,  of  Hamburg,  pointed  out  in  Ast.  Nach.  that  tbe 
period  of  Barnard's  spot,  deduced  from  a  few  of  the 
earlier  observations,  was  about  lOh  o901m.,  while  Sola, 
of  Barcelona,  from  more  materials,  found  the  value 
lOh.  38-4m.     There  have  been  several  spots  visible,  both 
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lisrht  and  dark,  and  the  chief  one,  first  seen  at  the  middle 
of  .Tune,  has  lieen  watched  at  Bristol  during  the  past  five 
mouths,  and  its  mean  rotation  period  has  been  as  nearly 
as  possible  lOh.  38m.  There  is  indication  that  the  motion 
of  this  j)articular  object  has  been  slightly  accelerated,  but 
the  evidence  is  not  conclusive  on  the  point.  The  other 
markings  distributed  along  the  same  latitude  show  slight 
differences  of  period,  and  at  the  end  of  September  they 
had  become  difficult  objects. 

In  June  the  princijial  spot  was  large,  and  very  much 
brighter  thau  the  light  north-temperate  zone  in  which  it 
^yas  placed.  The  usual  observational  discordances  have 
become  apparent  as  regards  tlie  transit  times,  the  form, 
dimensions,  and  aspect  of  the  marking.  Barnard  on  June 
23  found  the  length,  E.  and  W.,  2"-6.'  H.  C.  Wilson,  at 
Northfield,  Minn.,  on  July  1  measured  the  length,  3"'93, 
and  wddth,  2"'36,  while  Graff  on  June  26  gave  the  propor- 
tions .5"  by  3".  The  sjiot  is  both  followed  and  preceded 
by  dusky  patches  stretching  from  the  north  equatorial  belt 
to  the  polar  shading.  As  seen  by  Wilson  on  July  1  it 
appeared  surrounded  by  a  narrow  dai'k  line,  but  the 
observer  suggests  that  this  may  have  been  the  effects  of 
contrast.  The  north  latitude  of  the  spot,  according  to  a 
measure  liy  Barnard  on  June  23,  was  36°'4,  while  Wilson 
determined  it  on  July  1  as  31°1. 

Present  indications  are  that  the  disturbance  has,  in  its 
Triain  features,  practically  subsided.  Its  lessons  cannot 
fail  to  be  of  considerable  interest.  It  has  afforded  the 
clearest  proofs  of  a  north-temperate  current  rotating  23^- 
minutes  slower  than  the  equatorial  current  as  determined 
by  Prof.  Hall  from  his  spot  of  1876-7.  A  comparison  of 
the  relative  velocities  leads  us  to  the  following  cimous 
deductions.  The  equatorial  spots  are  moving  so  much 
faster  than  the  noi-th-temperate  spots  that  they  gain  some 
800  miles  per  hour  upon  them,  and  complete  a  circuit  of 
Saturn  relatively  to  their  positions  in  about  12  days.  A  ter- 
restrial hurricane  is  supposed  to  have  an  extreme  velocity  of 
about  100  miles  per  hour,  but  the  wind  currents  on  Saturn 
appear  to  be  incomparalily  swifter.  And  the  rapid 
equatorial  drift  on  Saturn  is  probably  persistent  within 
small  limits  of  variation  like  the  equatorial  current  of 
Jupiter,  which,  during  the  last  2.'>  years,  has  only  varied 
between  9h.  .50m.  and  9h.  50im. 

On  the  latter  planet  the  ordinary  north-temperate  spots 
rotate  in  9h.  5.5m.  54s.,  which  is  about  5^  minutes  slower 
than  the  equatorial  spots.  Both  on  Jupiter  and  Saturn, 
therefore,  the  mobile  vapours  on  or  near  the  equator  are 
streaming    along    with    abnormal   velocity,    outstripping 


suitable  for  exhibition  than  for  sedulous  research.  In  any 
case  it  is  to  be  hoped  that  he  will  now  receive  more  fitting 
recognition,  for  his  belts  and  occasional  spots  merit  as 
much  attention  as  the  variegated  scenery  of  Jupiter  or 
the  wonderful  and  complicated  caualiform  aspect  of  Mars. 

Previous  oliservations  suggest  that  the  rotation  of  the 
equator  of  Saturn  is  lOh.  145m.,  of  the  south-temperate 
region  lOh.  25m.,  and  of  the  north  tempei-ate  region 
lOh.  38m.  But  the  materials  are  altogether  too  scanty  for 
safe  deductions.  Many  new  observations  are  required  of 
well-marked  equatorial  and  south-temperate  spots.  We 
may  have  to  wait  vears  for  the  apparition  of  these,  for 
Saturn's  aspect  is  often  serene  and  smooth,  without  any 
obvious  irregularities  in  the  belts  and  zones. 

Postscript,  Nov.  15. — Including  my  latest  observations 
here  with  a  lO-inch  reflector,  powers  312  and  332,  the 
mean  rotation  periods  of  three  of  the  best  observed  spots 
on  Saturn  work  out  as  follow  : — • 

Interv.al  of 

Object.  Observations.  Rotations.  Period. 

Days.  h.    m.      s. 

Barnard's  White  Spot  138  310  10  37  o2-4 

White  Spot 132  295  10  37  420 

Dark  Spot     120  270  10  37  564 

The  period  appears  therefore  to  be  a  little  less  than 
lOh.  38m.,  and  bears  out  the  suggestion  previously  made 
that  the  velocitv  has  been  accelerated. 


THE  CHEMISTRY  OF  THE  STARS. 

VI.— STARS   OF   THE   THIRD   AND 

FOURTH   TYPES. 

By  A.    Fowler,   f.e.a.s. 

Secchi  found  that  stars  of  a  decidedly  orange  or  red  tint 
were  generally  distinguished  spectroscopically  by  the 
presence  of  "  flutings,"  and  he  further  recognized  that 
such  stars  were  easily  divisible  into  two  groups.  In  one 
of  them,  constituting  his  Type  III.,  there  are  dark  flutings 
which  degrade  towards  the  red  end  of  the  spectrum,  while 
in  the  other  group,  which  he  designated  Type  IV.,  the 
flutings  fade  off  towards  the  violet.  In  both  types  the 
blue  end  of  the  spectrum  is  very  feeble,  probably  in  part 
through  deficient  continuous  radiation,  and  jiartly  on 
account  of  excessive  absorption,  and  it  is  to  this  fact  that 
the  redness  of  the  stars  is  to  be  attributed. 

What  is  meant  exactly  by  a  fluting  may  be  gathered 
from  Fig.  11,  illustrating  the  fluted  speetrtnu  of  carbon, 


11. — Flutings  of  Cyanogen  and  Carbon. 


other  markings  to  N.  and  S.,  and  also,  probably,  the  actual 
rotatory  movement  of  the  immense  spheres  below.  There 
may  be  occasional  exceptions,  it  is  true,  as,  for  instance,  the 
very  rapidly  moving  dark  spots  which  temporarily  marked 
the  north- temperate  region  of  Jupiter  in  1880  and  1891. 

The  closer  scrutiny  of  Saturn  in  future  years  is  desirable, 
and  it  seems  well  assured  from  the  interest  awakened  by 
the  prominent  signs  of  activity  recently  displayed  on  the 
planet's  surface.  The  investigation  is"  a  promising  one. 
It  may  appear  curious,  on  reflection,  that  comparatively 
little  has  been  already  accomplished  in  elucidating  the 
visible  surface  phenomena  of  this  wonderful  orb,  forming 
as  he  does  the  most  charming  picture  in  the  sky.  Perhaps 
Saturn  has  sometimes  been  regarded  as  an  object   more 


as  exhibited  in  the  sjiectrum  of  the  electric  arc  between 
carbon  poles.  The  spectrum  consists  of  a  numljer  of 
groups  of  flutings,  or  shaded  bands,  each  simple  fluting 
commencing    with    a    well-defined    "  head,"    and    being 


Fig.   12.— Enlarged  Yiew  of  Fluting  X  3S83. 

followed   by  closely-ruled  fine  Unes  which  gradually  get 
feebler  and  further  apart   as   the  leader  is  left  behind. 
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This  structure  is  better  seen  in  the  enlarged  view  of  one 
of  the  flutings  given  in  Fig.  12.  Here,  the  flutings  fade 
to  the  violet,  but  in  some  cases  the  degradation  is  towards 
the  red.  Laboratory  experience  teaches  tliat  flutings  only 
appear  in  the  spectra  of  sources  of  liglit  which  are  at  a 
relatively  low  temperature  as  compared  with  that  necessary 
for  the  production  of  the  line  spectra  of  the  same  sub- 
stances ;  their  presence  is,  therefore,  a  valuable  clue  to  the 
temperature  conditions  which  prevail  in  the  atmospheres 
of  the  stars  which  exhibit  them.  Many  flutings  originate 
in  compounds,  those  at  A.  \  3883,  4216,  and  4009  in  the 
arc  sj^ectrum  of  carljon,  for  example,  being  almost  certainly 
due  to  cyanogen,  and  the  disappearance  of  such  flutings 
at  increased  temperature  is  sufficiently  explained  by  the 
breaking  up  of  the  compound  into  its  constituent  elements. 
The  replacement  by  lines  of  flutings  of  elementary  sub- 
stances, such  as  those  of  carbon  at  4737,  5165,  and  5635, 
may  be  supposed,  as  suggested  by  Lockyer,  to  be  brought 
about  by  the  separation  of  complex  molecular  groupings 
into  simpler  ones. 

Extensive  observations  of  the  spectra  of  third  and  fourth 
type  stars  (or  Antarian  and  Piscian  stars,  in  Lockyer's 
nomenclature)  have  been  made  by  Duuer,  Vogel,  Huggins, 
Espin,  and  others,  but  visual  observations,  though  of 
intense  interest  to  the  observers,  are  now  quite  superseded 


On  account  of  their  feeble  luminosity,  none  of  them 
being  brighter  than  5th  magnitude,  the  spectra  of  the 
fourth  type  stars  can  only  be  photographed  with  great 


JiU.i. 


Fm.  14..— Spectra  of  (I.)  Sun,  (II.)  /^  Geminorum,  (III.)  132  Sehjel- 
lerup.     From  photographs  taken  at  the  Yerkes  Observatory. 

difiiculty.     McCleau,  however,  succeeded  in  photographing 
I   two  of  the  brightest  specimens,  and  discovered  that  besides 


Fig.  13. — Spectra  of  o  Ceti  and  a  Heroilis,  from  photographs  taken  at  Stonyhurst  College.     Tlie  wave-lengths  of  the 
numbered  lines  and  bands  are:-(l)  4227,  (2)  U20,  (3)  4581,  (4)  4757,  (5)  4951,  (6)  5165,  (7)  5447,  (S)  5597,  (9)  5756. 


by  photographs  in  aU  investigations  involving  accurate 
measurements.  Many  successful  photographs  of  third 
type  spectra  have  been  secured  at  various  observatories, 
and  wc  are  fortunate  in  having  the  kind  jierinission  of 
Father  Sidgreaves  to  reproduce  two  lieautiful  exami)les 
from  the  Stony  hurst  collection,  illustrating  the  spectrum 
in  the  yellow,  green,  and  blue,  a  Herculis  may  be 
considered  a  normal  third  tyj)e,  while  the  photograph 
of  Mira  admirably  illustrates  the  introduction  of  bright 
hvdrogon  lines  which  is,  in  some  way,  associated  with  the 
variability  of  that  star,  and  is,  m  fact,  characteristic  of 
the  numerous  variables  having  spectra  of  the  third  type. 


the  flutings  the  spectra  contain  numerous  lines  which 
gi-eatly  resemble  those  of  a  Tauri.  Unexpectedly  fine 
photographs,  exliibiling  a  wealth  of  detail,  have  since  been 
obtained  at  the  Yerkes  Observatory,  where  the  great  light- 
gathering  power  of  the  40-inch  refractor  has  allowed  the 
use  of  considerable  dispersion.  Through  the  kindness  of 
Prof.  Hale,  we  are  able  to  reproduce  the  interesting  series 
of  photographs  in  Fig.  14,  comparing  the  yellow  and  green 
parts  of  the  spectrum  of  a  third  and  a  fourth  type  star 
with  that  of  the  sun. 

The  number  of  third  type  stars  already  known  is  esti- 
mated by  Miss  Gierke  at  about   2000,  and  that  of  the 
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fourth  type  at  250.     Some  of  the  more  notable  examples 
are  indicated  in  the  following  table  : — 


(Jtifarian.); 


^  Audroinedffi. 

51  Schj.  (Mast.  6-0),  E.4.  5h.  C-2m. 

0  and  a.  Ceti. 

Decl.  +  1°  2'. 

V  Hvdri. 

'i  Schj.  (Mag.  6-5),  B.A.  6h.  19-8m. 

a  Ononis. 

Decl.  +  14"  47'. 

Tj  and  n  Oemiuorum. 

78  Schj.  (Mag.  6-3),  R.A.  6h.  29-7m. 

y  Crucis. 
6  Virginis. 

Decl.  +  38=  32'. 

115  Schj.  (Mag.  6-5),  E.A.  8h.  4<>-8m. 

S  Ophiuchi.              1 

Decl.  +  17?  37'. 

a  Scorpii.                   | 

136  Schj.  (Mag.  6-0),  E.A.  lOh.  46  8m. 

o  HerciUis.                i 

Dec.  -  20"  43'. 

/3  Gruis.                     ' 

152  Schj.  (Mag.  5-5),  B.A.  12h.  401m. 

p  Pegasi. 

Decl.  +  45°  59-. 

229  Schj.  (Mag.  6-5),  R.A.  19h.  251m. 

Decl.  +  76"  22'. 

249a  Schj.  (Mag.  6-2),  E.A.  21h.  37-8m. 

Decl.  +  35°  3'. 

19  Piscium  (Mag.  6-2),  E.A.  23h.  41-3m. 

Decl.  +  2°  56'. 

Taking  first  the  stars  of  the  third  type,  it  will  be  seen 
from  the  examples  given  that  there  is  a  well-marked  line 
spectrum  in  addition  to  the  flutings  which  form  so  con- 
spicuous a  feature  of  the  visual  sjiectrum.  It  was  noted 
by  Angstrom  that  the  flutings  resembled  in  a  general  way 
those  which  appear  in  the  spectrum  of  manganese  oxide, 
and  Lockyer  in  1888  suggested  that  they  were  probably  to 
be  accounted  for  chiefly  by  manganese,  magnesium,  and 
lead.  These  identifications,  however,  were  based  upon 
visual  observations,  and  may  need  revision  when  more 
precise  wave-length  determinations  have  been  made. 
Lockyer  considers  that  some  of  the  apparent  bright 
flutings,  such  as  that  beginning  at  X  6165,  are  real  and 
probably  due  to  carbon,  but  the  difficulty  in  distinguishing 
between  real  flutings  and  interspaces  is  so  great  that  a 
final  decision  will  probably  not  be  reached  until  a  complete 
matching  with  some  terrestrial  spectrum  is  eflrected. 

The  interpretation  of  the  line  spectrum  is  also  incom- 
plete, but  much  more  definite  so  far  as  it  goes.  Taking 
the  lines  generally,  they  bear  a  considerable  resemblance 
to  the  solar  lines,  but  most  of  them  are  very  broad, 
and  the  relative  intensities  are  so  different  as  to  greatly 
modify  the  appearance  of  the  spectrum  when  compared 
with  the  sun.  Lockyer,  in  1893,  announced  the  detection 
in  Betelgeuse,  the  brightest  member  of  the  group,  of  lines 
due  to  hydrogen,  iron,  manganese,  chromium,  calcium, 
magnesium,  cobalt,  strontium,  and  lithium,  and  pointed 
out  that  the  Hues  which  appear  at  the  comparatively  low 
temperature  of  the  osy-hydrogen  flame  were  especially 
strong.  The  blue  line  of  calcium  at  K  4227,  for  example, 
which  is  pre-eminently  the  low  temperature  line  of  this 
element,  is  very  dark  and  distended  in  the  photograph 
of  a  Herculis  (Fig.  13).  A  recent  investigation  of  the 
spectrum  of  Mira  which  has  been  made  at  the  Lick  Obser- 
vatory indicates  the  presence  of  iron,  vanadium,  chromium, 
calcium,  aluminium,  and  strontium,  but  manganese  and 
titanium  are  considered  doubtful.  Still  more  recently,  an 
investigation  of  x  t!ygni  made  at  Potsdam  by  Dr.  Eber- 
hard  establishes  the  presence  in  that  star  of  calcium, 
titanium,  chromium,  vanadium,  iron,  and  magnesium. 
Hence,  combining  the  different  results,  and  including 
sodium  from  the  very  obvious  D  lines,  we  may  take  the 
following  list  as  representing  the  elements  so  far  identified 
in  the  third  type  stars  : — 

Aluminium.  Iron.  Sodium. 

Calcium.  Lithium.  Strontium. 

Chromiiun.  Magnesium.  Titanium. 

Cobalt.  Manganese.  Tanadium. 
Hydrogen. 

The  identification  of  vanadium  and  titanium  may  possibly 
turn  out  to  be  of  special  significance,  on  account  of  the 


predominance  of  lines  of  these  elements  among  the  lines 
which  are  most  widened  in  the  spectra  of  sunspots.  Dr. 
Scheiner  has  recorded  that  some  of  the  stellar  lines  are 
shaded  on  one  side  in  a  manner  which  recalls  the  appear- 
ance of  some  of  the  lines  in  spot  spectra,  and  it  has  been 
-  suggested  that  the  greater  part  of  the  surface  of  a  third 
type  star  may  be  in  a  condition  corresponding  with  that 
of  a  solar  spot.  Attempts  have  also  been  made  to  account 
for  the  variability  of  so  many  of  the  third  type  stars  by 
supposing  a  fluctuation  of  spotted  area  corresponding  with 
the  eleven-yearly  period  of  the  sun,  but  it  is  by  no  means 
clear  why  many  of  the  stars  exhibit  no  changes  of  magni- 
tude in  spite  of  their  supposed  spotted  surfaces. 

Passing  next  to  the  fourth  type  stars,  we  have  already 
noted  that  the  characteristic  feature  of  the  spectrum,  in 
visual  observations  at  least,  is  the  presence  of  dark  flutings 
fading  off  towards  the  violet ;  one  lies  in  the  yellow  green 
and  begins  at  X  5635,  one  in  the  green  near  b,  X  5165,  and 
the  other  in  the  blue  just  beyond  F,  X4737.  Secchi's  dis- 
covery that  these  were  due  to  carbon  vapour  has  received 
abundant  confirmation,  and  besides  these  the  Yerkes  photo- 
graphs show  the  violet  and  ultra-violet  flutings  of  the 
cyanogen  spectrum,  beginning  at  X4609,  4216,  and  3883. 
The  lines  recorded  in  these  stars  in  visual  observations  do 
not  number  a  dozen,  and  only  sodium,  iron,  and  hydrogen 
could  be  recognized.  The  new  photographs,  however,  reveal 
the  existence  of  .hundreds  of  lines,  and,  thanks  to  advance 
proofs  with  which  Prof.  Hale  has  been  good  enough  to 
furnish  me,  I  am  able  to  give  the  following  list  of  elements 
which  have  now  been  identified  in  the  fourth  type  stars  : — ■ 

Calcium.  Iron.  |      Sodium. 

Carbon.  Magnesium.  Titanium. 

Chromium.  Manganese.  Vanadium. 

Hydrogen.  Nickel.  And  possibly  others. 

The  representation  of  calcium  by  the  blue  line  at  X  4227, 
which  is  of  great  strength,  and  by  the  H  and  K  lines,  is 
worthy  of  special  mention,  on  account  of  the  similar 
appearance  of  these  important  lines  in  stars  of  the  third 
type. 

Prof.  Hale  concludes  that  the  carbon  and  metallic 
vapours  are  very  dense  and  lie  immediately  over  the  photo- 
sphere, while  above  these  rise  other  vapours  or  gases  pro- 
ducing bright  lines  to  the  number  of  about  2(.U(,  none  of 
which  have  been  identified  with  certainty.  Though  Prof. 
Hale  seems  to  have  convinced  himseK  of  the  reality  of 
these  bright  lines,  it  is  by  no  means  impossible  that 
Lockyer  may  be  right  in  considering  them  as  mere  effects 
of  contrast. 

It  is  interesting  to  find  that  the  relatively  low  tempera- 
ture which  is  suggested  by  the  flutings  in  the  fourth  type 
stars  is  also  indicated  by  the  discussion  of  the  line  spectrum. 
Prof.  Hale  remarks  that  while  arc  and  flame  lines,  such  as 
the  calcium  line  4227  are  of  great  strength,  spark  lines,  such 
as  that  of  titanium  at  453414,  are  less  prominent  or  entirely 
missing,  and  though  he  adds  that  this  does  not  certainly 
prove  that  the  temperature  of  the  reversing  layers  of  the 
fourth  type  stars  is  lower  than  in  the  case  of  the  sim,  the 
evidence  is  entirely  in  favour  of  this  supposition. 

It  has  been  further  ascertained  that  many  of  the  lines 
which  are  widened  in  sunspots  appear  as  strong  dark  Unes, 
and  the  suggestion  naturally  is  that  spots  similar  to  those 
which  appear  in  the  sun  may  be  very  numerous  in  stars  of 
the  fourth  type,  as  has  been  previously  suggested  in  the 
case  of  stars  of  the  third  type.  The  variability  of  so 
many  stars  of  the  fourth  type  is  looked  upon  as  favouring 
this  supjjosition. 

The  place  of  the  third  and  fourth  type  stars  in  the 
supposed  evolutionary  series  has  been  the  subject  of  much 
discussion.  Vogel  considers  that  after  the  solar  stage  is 
passed,  a  star  develops  into  one  of  the  third  or  one  of  the 
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fourth  typo  according  to  the  chemical  combinatiou  which 
is  first  formed  in  its  atmosphere  (the  bands  described  in 
the  foregoing  as  carbon  bands  being  attributed  by  some 
to  hydrocarbon,  and  not  to  the  element  carbonj,  and 
Duner  has  adoptgd  the  same  view.  That  the  fourtli  type 
stars  follow  the  second  may  be  considered  as  fully 
established  ;  for  besides  the  evidence  afforded  by  the  line 
spectrum,  there  is  in  the  solar  spectrum  a  well-marked 
absorption  fluting  iu  the  ultra-violet  at  \  3883,  corre- 
sponding with  one  of  the  flutings  seen  in  the  Yerkes 
photographs  of  the  fourth  type  stars,  and,  according  to 
Rowland,  there  are  many  faint  solar  lines  which  agree 
with  the  constituent  members  of  the  carbon  fluting  .516.5. 

It  is  the  place  of  the  third  type  stars  which  remains 
somewhat  doubtful.  They  do  not  seem  to  come  between 
the  second  and  fourth  types,  and  probably  few  would  be 
inclined  to  place  them  after  the  fourth  type,  although  the 
carbon  and  cyanogen  flutings  typical  of  the  fourth  type 
stars  survive  the  temperature  of  the  electric  arc  while 
flutings  of  other  substances  fail  to  do  so. 

Prof.  Hale  practically  adopts  Vogel's  view,  on  the 
ground  that  the  resemblances  between  third  and  fourth 
type  stars  are  greater  than  the  points  of  difference ;  they 
resemble  each  other,  for  instance,  in  colour,  tendency  to 
variability,  spectra,  possible  presence  of  sun-spots,  physical 
condition  and  probable  relationship  to  solar  stars,  and 
"  they  should  therefore  be  classed  together  as  co-ordinate 
branches  leading  back  to  stars  like  the  sun."  The  spectro- 
scopic similarity  of  the  two  types,  according  to  Prof.  Hale, 
is  intensified  by  the  presence  in  both  of  the  cyanogen 
flutings  in  the  violet,  beginning  at  X  4609.  Apart  from 
the  differences  in  the  other  flutings,  the  chief  important 
divergence  is  in  the  distribution  of  the  two  types  over  the 
celestial  sphere,  the  third  type  stars  showing  no  preference 
for  the  region  of  the  Milky  Way,  while  the  stars  of  the 
fourth  type  are  distinctly  condensed  in  this  neighbourhood. 
Assuming  the  third  and  fourth  type  stars  to  be  alterna- 
tive forms  of  decaying  solar  stars,  the  greater  part  of  the 
story  of  stellar  evolution,  according  to  the  views  of  Vogel 
and  others,  may  be  shortly  expressed  as  follows  : — 

Type  0  (Orion  stars). 

Type  I. 

Type  II. 
Type  III. -Type  lY. 

Dark  stars. 

There  is  good  reason  to  believe  that  the  maximum  of 
cosmical  temperature  is  manifested  in  the  Orion  stars,  and 
it  is  possible  that  this  stage  is  reached  by  the  condensation 
of  nebulae  through  a  stage  represented  by  the  Wolf-Eayet 
stars,  the  spectra  of  which  chiefly  consist  of  bright  lines. 

Lockyer  finds  a  difficulty  in  believing  different  kinds  of 
stars  to  represent  a  similar  stage  of  development,  and,  as 
previously  explained,  divides  the  stars  into  two  series,  one 
supposed  to  include  stars  of  increasing  temperature,  and 
the  other  the  stars  which  are  becoming  cooler.  Stars  of 
the  third  type  take  a  low  position  on  the  rising  branch 
of  his  "temperature  curve,"  following  the  uebulse,  and  those 
of  the  fourth  type  end  the  series  of  luminous  bodies  on 
the  descending  branch.  A  general  statement  of  Lockyer's 
classification,  embodying  this  idea,  is  as  follows  :  — 

IIlUHEST   TEMPERAinRK. 


Notwithstanding  the  divergence  of  opinion  on  some 
jioints,  there  is  a  general  acquiescence  in  the  view  that  the 
matter  composing  the  stars  is  essentially  the  same  as  that 
with  which  we  are  acquainted  on  the  earth.  This  leading 
idea  is  admirably  expressed  by  Sir  William  and  Lady 
Huggius  in  the  following  passage  in  their  "  Atlas  of 
Representative  Stellar  Spectra  "  : — "  As  the  conclusion  of 
the  whole  matter,  though  there  may  be  no  reason  to 
assume  that  the  proportions  of  the  different  kinds  of 
chemical  matter  are  strictly  the  same  in  all  stars,  or  that 
the  roll  of  chemical  elements  is  eoriially  conaplete  in  every 
star,  the  evidence  appears  tq  1^6>strong  that  the  principal 
types  of  star-spectra  should  nof  be  interpreted  as  produced 
by  great  original  ditt'eren*es  of  cheiiiical'  constitution,  but 
rather  as  successive  ^8taggs■  of  ^  evolutional  progress, 
bringing  about  such  altered  cc^ditfons  o£-density,  tempera- 
ture, and  mingling  of  ^tellar  gastjs,  as  are  sufiicient 
presumably  to  account  for  the  sjjeetral  differences  observed, 
even  though  witk-.a^m'  presebt;  knowledge  a  complete 
explanation  maj^ot  b§  fiirtiiComing." 

Investigations  are  stil*Tn  progress  in  many  lands,  and 
it  is  not  too  much  to  expect  that  sooner  or  later  the  story 
of  celestial  evolution  will  be  completely  elucidated. 


Proto-hydrogen  Stars 

{ 

.Irgonian 
Alnitainian 

Helium  Stars 

f  Cnifian 
\  Taurinn 

.     Achernian 
Algoliau. 

[  Bigelian 

Markabian. 

Proto-iuctallic-  Stara 

..  •!    Cygnian 

Siriaii. 

[  Polarian 

Prooyonian 

Metallic  Stars 

Aldebariau 

Arcturiaii. 

Stars  with  lluted  spectra 

Autarian 

.     Piscian. 

Lowest 

Tempeuati'he. 

THE    SUNSPOTS    OF    1903,    OCTOBER. 

By  E.  Walter  Maundee,  f.k.a.s. 

In  a  few  short  months  we  have  passed  from  a  period  of 
extreme  quiet  on  the  sun  to  a  period  in  which  great  spots 
have  begun  to  show  themselves.  I  should  wish  to  use 
this  teiTU  of  "  great  spot  "  in  a  strictly  definite  and  limited 
sense.  For  iu  every  sunspot  cycle  there  are  a  few  groups 
which  .stand  out,  beyond  all  others,  by  their  pre-eminent 
size,  the  giants  of  their  kind.  "Normal"  spots,  to  use 
Miss  Brown's  nomenclature,  or  "regular"  spots,  to  use 
that  of  the  Glreeuwich  Results,  that  is  to  say  spots  nearly 
circular  in  shape  and  with  umbra  central  and  also  nearly 
circular,  generally  have  an  area  of  from  100  to  300 
millions  of  square  miles.  Above  this  size  they  generally 
show  a  much  more  irregular  and  complex  structure,  and 
at  times  of  maximum  activity,  groups  with  a  total  area  of 
700 — a  million  of  square  miles  being  taken  as  the  unit — 
are  pretty  frequent.  But  the  groups  which  attain  a  mean 
area  of  double  this  amount  are  few  indeed.  Only  sixteen 
were  recorded  from  the  beginning  of  the  Greenwich  record 
right  up  to  the  end  of  September  of  the  present  year. 
And  if  we  take  a  higher  limit  still,  and  fix  an  area  of  2000 
as  the  smallest  for  a  really  "  great  group,"  we  shall  find 
that  that  maximum  is  an  unusual  one  that  can  boast  of 
half-a-dozen  members  of  the  class.  Necessarily,  solar 
disturbances  on  this  scale  arc  strictly  confined  to  the  years 
of  maximum  activity,  and  the  last  two  maxima  only  show 
five  such  groups  between  them. 

The  appearance  at  the  east  limb  on  October  4  of  a 
regular  spot,  the  first  member  of  a  group  which  was  fully 
entitled  to  be  classed  amongst  these  giants,  marks,  there- 
fore, an  epoch  of  great  interest  in  the  progress  of  the 
present  cycle.  The  interest  iu  it  is  greater  when  we  bear 
in  mind  that  in  previous  cycles  tlie  increase  in  activity  has 
followed  so  rapidly  after  the  appearance  of  the  first  really 
great  sjiot,  that  the  largest  group  of  the  entire  cycle  has 
usually  been  registered  within  six  or  seven  months  after- 
wards. Spot  groups  continue  to  increase  iu  frequency, 
indeed,  for  a  considerably  longer  time,  but,  as  a  rule,  not 
in  size.  If  this  precedent  be  followed,  then  the  greatest 
single  disturbance  of  the  present  maximum  may  be 
expected  not  later  than  April  or  May,  1904,  whilst  the 
actual  summit  of  the  curve  is  rather  to  be  expected  to  fall 
iu  1905,  probably  somewhat  late  in  the  year. 
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N  or  has  this  great  outburst  come  alone ;   two  others, 
both  of  very  considerable  size,  have  accompanied  it.     The 


Fig.    1.— The  Sun,   1903,  November  4d.  12h.  21m.  20s. 

first  of  these  appeared  at  the  east  limb  of  the 
sun  on  October  2,  its  heliographic  latitude  being 
18°  North.  For  sake  of  clearness  of  reference 
I  will  call  this  the  Northern  Group.  The  second, 
the  one  to  which  I  have  already  alluded,  began 
to  appear  at  the  east  limb  on  October  4,  its  lati- 
tude being  21°  South,  and  I  will  refer  to  it  in 
future  as  the  Great  Southern  Group.  The  third, 
and  smallest  of  the  three,  was  in  many  ways  the 
most  interesting,  inasmuch  as  its  passage  across 
the  central  meridian  of  the  sun  was  synchronous 
with  a  magnetic  storm  of  the  very  first  order.  I 
will  therefore  refer  to  this  group  as  the  Storm 
Group. 

The  Northern  Group,  at  its  first  appearance, 
consisted  essentially  of  a  regular  or  normal  spot, 
followed  by  a  number  of  very  small  companions 
in  a  long  stream.  The  area  of  the  chief  spot 
was  about  270  millions  of  square  miles,  but  when 
it  had  returned  to  the  east  limb  on  October  29 
for  its  second  apparition,  it  consisted  chiefly  of 
two  large  regular  spots,  and  the  total  area  of  the 
two  was  fully  800  millions  of  square  miles.  It 
began  to  pass  the  central  meridian  about  4  o'clock 
on  the  morning  of  November  5,  and  had  com- 
pletely passed  by  11  o'clock  on  the  morning  of 
November  6.  At  this  time  the  area  of  the  group 
amounted  in  the  whole  to  1100  milhons  of  square 
miles  ;  the  two  principal  spots  having  areas  of  650 
and  310  respectively.  A  distinct,  but  quite  minor 
oscillation  of  the  magnets  took  place  during  the 
evening  and  night  of  November  5,  that  is  to  say, 
just  when  this  group  was  in  mid-transit. 
Fig.  1  shows  this  Northern  Group  approaching  the 
central  meridian. 


The  Great  Southern  Group  was  of  quite  another  order. 
Like  the  Northern  Group  it  formed  in  the  unseen  hemi- 
sphere, but  its  formation  was  preluded  by  the  ap- 
pearance of  a  short-lived  spot  from  September  10 
till  September  IG.  This  spot,  however,  died  out 
before  reaching  the  west  limb,  so  the  Great 
Southern  Group  was  a  new  formation.  It, 
therefore,  was  a  young  group  when  it  was  first 
seen  on  the  east  limb  on  October  4  and  .5,  and 
must  have  grown  with  extreme  rapidity.  At 
first  it  was  practically  a  single  huge  spot  of 
nearly  7°  in  greatest  breadth,  and  about  15°  in 
greatest  length.  But  it  was  speedily  intersected 
by  an  exceedingly  lieautiful  and  complex  system 
of  bright  bridges  which  soon  divided  it  up,  and  a 
broad  bright  region  formed  about  the  centre  of 
the  spot,  making  a  wide  gap  between  the  pre- 
ceding and  following  portions.  Its  total  area  on 
October  9  exceeded  2400  millions  of  square 
miles.  The  first  member  of  the  group  reached 
the  central  meridian  about  October  10,  19  hours  ; 
the  last  spots  crossed  about  October  12,  2  hours, 
civil  time  ;  and  the  group  passed  out  of  view  at 
the  west  limb  on  October  17  and  18.  Its  second 
appearance  at  the  east  limb  occurred  on  Novem- 
l)er  2,  and  on  November  4,  the  day  represented 
in  Fig.  1,  it  was  seen  as  a  very  long  stream  of 
spots,  or  rather  as  four  distinct  groups  following 
each  other  at  short  intervals.  It  passed  off  at 
the  west  limb  for  the  second  time  on  November 
14  and  15. 

Shortly  after  this  group  had  completely  passed 
the  central  meridian  (see  Fig.  2),  a  very  marked 
magnetic  disturbance  commenced.  The  move- 
ments of  the  needle  began  about  October  12,  18 


Fia.  2.— The  Sun,   1903,  Oftober  12d.  llh.   36m.  49s. 

hours,  that  is  to  say  about  6  o'clock  in  the  evening,  and 
from     8  o'clock    in    the    evening    until    about    three  in 
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PHOTOGRAPH      OF      THE      SUN. 

1903.      October     3id     loh.    24111.    28s  .      Greenwich      Civil      Time. 
Taken  at  the  Royal  Observatory,  Greenwich,  with  the  Dalhneyer  Photohiliograph.       Aperture  4  incncs ;   reduced  to  29  inches. 
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the  following  morning,  its  oscillations  were  specially 
marked.  After  that  they  began  to  die  away,  and  the 
disturbance  ended  about  au  hour  later.  This  was  by 
no  means  a  magnetic  storm  of  the  first  rank,  but  it  was 
decidedly  the  most  striking  that  had  been  recorded  since 
1898,  September,  and  it  may  fairly  be  regarded  as  dis- 
tinctly of  the  second  class  in  importance.  The  greatest 
amplitude  of  movement  in  declination  was  35'. 

The  third  groni),  which  I  have  called  the  Storm  Group, 
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FiQ.  3. — Greenwich  Magnetic  Register;  Declin.ation  and  Horizontal 
Force  ;   190.3,  October  30-31. 

came  on  the  sun  at  the  east  limb  on  October  25,  and 
touched  the  central  meridian  at  10  o'clock  in  the  morning 
of  October  31,  where  it  is  shown  on  the  Plate.  It  is  seen  on 
Fig.  1  near  the  west  point.  Its  passage  across  the  meridian 
took  about  eighteen  hours,  so  that  it  had  entirely  passed  by 
November  1,  4  hours.  A  little  before  it  reached  the  meridian, 
an  extraordinarily  violent  magnetic  storm  began.  It 
commenced  in  the  characteristic  way,  so  often  noticed,  of 
a  sudden  sharp  twitch  of  the  needle,  first  slightly  to  the 
east,  then  strongly  to  the  west,  and  back.  At  13  hours 
the  vibrations  of  the  magnet  became  very  violent,  and 
from  this  time  until  23  hours  on  October  31,  changes  in 
declination  exceeding  a  degree  in  magnitude  were 
frequent.  By  the  kindness  of  the  Astronomer  Royal,  to 
whom  we  are  also  indebted  for  permission  to  reproduce 
the  solar  photographs  given  in  the  text  and  in  the 
Plate,  we  are  enabled  to  give  reduced  copies  of  the 
Greenwich  photographic  registers  of  declination  and  hori- 
zontal force  from  noon,  October  30,  to  noon,  November  1. 
It  will  be  seen  tliat  the  spot  of  light  thrown  by  the 
horizontal  force  magnet  ran  off  the  barrel  continually, 
especially  during  the  afternoon  and  evening  of  October  31, 
and  that  sometimes  the  registers  for  declination  and 
horizontal  force  became  inextricably  confused  together. 
The  vertical  force  register  showed  aberrations  as  extreme 
during  the  height  of  the  storm.  The  extreme  range  in 
declination  was  more  than  2°,  the  most  westerly  position 
being  registered  October  31,  15  hrs.  40  min.,  the  most 
easterly,  October  31,  19  hrs.  No  storm  so  violent  has 
been  registered  since  that  of  1882,  November  17.  The 
recent  storm,  however,  was  by  no  means  so  long  enduring 
as  the  one  of  1882  (see  Figs.  3  and  4). 

The  earth  current  register  from  noon  on  October  31  is 
also  given  (Fig.  5).  Tlie  Greenwicli  earth  current  registers 
are,  in  the  ordinary  way,  comiiletely  spoiled  by  the  blurring 
caused  by  the   City  and  South  London  Electric  Railway 


during  the  whole  time  that  the  cars  are  running  on  that 
line,  and  the  genuine  earth  cun-ents  can  only  register 
themselves  during  the  few  hours  of  early  morning  when 
the  railway  is  at  rest.  But  the  storm  of  October  31  was 
so  violent  that  any  effect  from  the  City  and  South  London 
Railway  was  entirely  overpowered.  The  effect  of  the 
storm  upon  telegraphic  communication  the  world  over  was 
most  pronounced.  During  a  part  of  October  31,  France, 
for  instance,  was  almost  entirely  isolated  as  regarded 
telegraphic  communication;  the  lines  to  Central  and  South 
America  failed  first,  those  between  Paris  and  the  south  of 
France  next,  and  then  the  lines  between  Italy,  Spain, 
Portugal,  and  Algeria.  Similarly  there  was  great  inter- 
ruption in  telegraphic  communication  from  London 
westward  to  New  York,  and  eastward  to  northern  Europe ; 
and  in  the  United  States  the  great  land  cable  lines  were 
much  affected,  causing,  in  some  localities,  a  total  cessation 
of  business.  Fine  aurorae  were  observed,  not  only  in 
England,  but  also  in  the  State  of  New  York  and  in 
Hungary. 

It  seems  to  me  that  the  appearance  of  these  three  groups 
of  spots,  and  the  occurrence  of  three  distinct  magnetic 
disturbances  practically  simultaneous  with  the  passages  of 
the  spots  across  the  central  meridian  of  the  sun's  disc,  is 
exceedingly  instructive.  On  the  one  hand,  it  points  unmis- 
takably to  a  true  connection  between  the  two  orders  of 
j>henomena  ;  the  spots  on  the  sun,  and  the  magnetic  varia- 
tions on  the  earth.  Next,  it  shows  most  emphatically 
that  it  is  not  possible  to  take  the  area  of  the  spot  as  a 
measure  of  the  intensity  of  the  magnetic  storm.  The 
three  magnetic  disturbances  were  altogether  of  different 
orders.  The  first,  that  of  October  12  to  13,  was  a  respect- 
able example  of  the  second  order ;  but  the  spot  with 
which  it  was  associated  was  quite  exceptional  iu  size ; 
entirely  of  the  first  rank.  The  second  magnetic  disturb- 
ance was  not  only  one  of  the  first  class,  but  an  exception- 
ally intense  one  of  that  class  ;  the  spot  with  which  it  was 
synchronous   was  large  indeed   but   quite  of  the  second 


Sahirdai/  Oct. 31. 


is'zifgi'ii-iio''  f  ^  a'  4'  ^  ^  7"  a"  s' 

Fto.  4. — Greenwich  Magnetic  Register;  Declination  ami  Uorizontal 
Force;  1903,  October  Sl-November  1. 

rank.  The  third  magnetic  disturbance,  though  distinct, 
was  altogether  insignificant  in  amount,  one  of  the  fourth 
or  fifth  rate  ;  whilst  the  spot  sjTichronous  with  it  was 
decidedly  larger  than  the  one  synchronous  with  the  gi-eat 
magnetic  storm.     The  question  still  remains  which  of  two 
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bvpotheses  we  are  to  choose  in  order  to  explain  this 
quantitative  discrepancy.  On  the  one  hand,  it  is  very 
conceivable  tliat  though  the  sunspot  is  directly  the  cause 
of  the  terrestrial  magnetic  effect,  it  is  not  the  size  of  the 
spot  tvhich  is  the  determining  factor  so  much  as  some 
other  characteristic  less  easily  recognized.  Thus  both  the 
Storm  Group  of  October  31  last,  and  the  group  of  18S2, 
November  17,  were  distinguished  by  the  number  and  vivid- 
ness of  the  hydrogen  reversals  in  their  spectra,  and  it  is 


1;  I  I  I  M  I  I  I  I  r  I  I  T  I  I  I  I  f  r  f 


5. — Greenwich   Earth  Current  Register. 
Norember  1. 


1903,  October  31- 


conceivable  that  such  reversals  may  be  significant  of  more 
effective  action  than  the  mere  extent  of  surface  of  the 
group.  On  the  other  hand,  it  may  be  that  the  connection 
between  sunspots  and  magnetic  storms  is  not  direct  but 
indirect ;  both  being  the  effects  of  some  one  common  cause 
which,  nevertheless,  does  not  act  upon  sun  and  earth 
always  in  the  same  proportion.  But,  m  any  case,  whether 
the  connection  be  direct  or  indirect,  whether  it  be  imme- 
diate or  only  secondary,  there  can  be  no  doubt  that  it  is 
real,  actual,  and  effective. 


[The  Editors  do  not  hold  themselves   responsible   for   the   opinions 
or   statements   of   correspondents.] 

STELLAE     SATELLITES. 

TO     THE     EDITORS      OF      KNOWLEDGE. 

Sirs, — With  reference  to  Mr.  Holmes'  letter  in  the 
November  number  of  Knowledge,  there  can  Ise  no  doubt 
whatever  as  to  the  existence  of  the  satellite  to  Procyon. 
It  has  been  seen  and  measured  l>y  Barnard,  Hussey,'See 
and  Lewis,  as  well  as  by  Schaeberle.  The  following  are 
some  of  the  measures  made  since  its  discovery  : — 


Astronomical  Joiimal,  540. 
541,  June  18,  1903. 


1898-213  :  326-0  :  4  83 

1899073  :  330-6  :  4-91 

1900055  :  336-0  :  509  , 

1902-241  :  3465  :  511  .JHussey    (Lick  Observatory 
i  BulletiH,  No.  44). 

19031.54  :  351-03:  5  16   fBarnard    {Astro     Journal, 
{  June  18,  1903). 

It  has  therefore  moved  about  25°  in  five  years,  or  5*^  per 
annum.  It  was  also  measured  at  Greenwich  Observatory 
in  1902. 

With    reference    to  the   double    companion    of  Eigel, 


Burnham  says  (Publications  of  the  Terkes  Observatory, 
Vol.  I.,  1900,  p.  60),  after  describing  his  unsuccessful  efforts 
to  divide  the  small  star,  "  Since  the  foregoing  was  written  I 
have  received  the  recent  measures  of  Aitken  and  Hussey, 
made  with  the  great  refractor  at  Mount  Hamilton.  There 
is  no  longer  any  doubt  of  the  duplicity  of  this  star.  It  is 
equally  certain  that  the  period  will  be  very  short — perhaps 
shorter  than  that  of  any  known  system,"  and  be  adds  :  "  It 
is  therefore  practically  certain  that  A  and  B  C  form  a 
physical  system."  A  is  the  bright  star,  and  B  C  the 
double  companion.  The  measures  of  B  C  referred  to  by 
Burnham  are  as  follow  : — 

1898  87  :  178-0  :  0-16.  3  nights.  Aitken. 
189888  :  178-4  :  0-12i-.  1  \.  Hussey. 
189917  :   196-2  :  0-12.       1       „  Aitken. 

The   components  were  probably   near   periastron  wlieu 
Burnham  tried  to  measure  the  star  in  the  years  1889-1892. 
I  should  not  have  mentioned  these  stars  in  my  paper  if 
there  was  any  doubt  as  to  their  existence. 

Mr.  Holmes  is  mistaken  in  thinking  that  I  "use  the 
word  brightness  indifferently  for  quantity  of  light  and 
surface  brilliancy."  The  term  "  brightness  "  in  my  paper 
means  "  quantity  of  light,"  and  not  "  surface  brilliancy." 
The  latter  is  not  referred  to  at  aU  in  my  paper,  except  in 
the  case  of  Sirius  and  its  satellite,  and  then  I  use  the  terra 

"  inherent  light."  .^    _    ^ 

"  J.  E.  Gore. 

Dublin,  November  3rd. 


RADIUM  AND  THE  SUN'S  HEAT. 

TO    THE    EDITORS    OP    KNOWLEDGE. 

Sirs, — It  is  supposed  to  be  not  yet  settled  whether  the 
energy  of  radium  comes  from  within  or  without.  Up  to 
now  most  has  been  heard  in  favour  of  the  former  view, 
which  has  included  the  contention  that  nothing  can  be 
done  to  a  radium  compound  to  lessen  or  destroy  its  radio- 
activity. This,  I  think,  I  have  experimentally  disproved 
{vide  Chemical  News,  October  23rd,  1903,  p.  206),  and  as 
an  advocate  of  the  theory  that  radium  compounds  derive 
their  energy  from  without,  as  in  other  phenomena  of 
absorption  of  radiant  energy,  I  ask  whether  the  time  is  yet 
ripe  for  cosmic  hypotheses  based  on  the  opposite  view  ? 

Halifax,  Yorks.,  William  Ackrotd. 

November  2nd,  1903. 


PROTECTIVE  RESEMBLANCE  IN  BUTTERFLIES. 

TO    THE    EDITORS    OF    KNOWLEDGE. 

Sirs, — Mr.  Rogers'  letter  in  the  September  number  of 
Knowledge  on  protective  resemblance  in  butterflies 
opens  up  a  fairly  large  question.  In  a  note  by  Mr. 
Carpenter,  I  see  this  resemblance  is  attributed  to  natural 
selection  both  with  regard  to  the  Brazilian  butterflies  and 
in  the  moths  which  assume  a  smoke -colour  in  our  own 
country. 

With  regard  to  the  former,  it  would  be  most  interesting 
to  know  how  long  a  time  was  occupied  in  their  becomino- 
like  the  granite ;  but  with  regard  to  the  effects  of  the 
smoke  of  London  and  other  towns,  such  moths  as  hetularia 
and  abruptaria  have  certainly  got  darker  in  our  own  time, 
which  hardly  coincides  with  the  working  of  evolution, 
which  is  generally  so  slow  as  to  be  almost  imperceptible. 

In  the  Trans.  Eut.  Soc.  Land.,  1903,  there  is  an  article  on 
the  experiments  carried  out  by  Prof.  E.  B.  Poulton  on  the 
colour-relation  between  lepidopterous  larva?  and  their 
surroundings.  These  exhaustive  experiments  fully  prove 
that  the  larvte  of  0.  hidentata  and  G.  qnercifolia   are  so 
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extremely  sensitive  to  the  colour  of  their  close  surroundings 
that  if  they  be  moved  from  a  dark  stem  to  a  piece  of  lichen, 
for  instance,  and  nothing  else  be  given  them  to  rest  on 
(neither  of  them  rest  on  their  food-plant),  they  will,  like 
the  chameleon,  in  a  few  days  change  their  pattern  from 
dark  to  speckled,  and  be  again  invisible. 

May  not  this  colour  sensitiveness  in  certain  individuals 
be  responsible  for  much  that  is  put  down  to  natural 
selection,  and  account  for  the  many  glaring  failures  that 
occur  in  the  principle  of  protective  resemblance  ? 

Royal  Societies  Club,  Jos.  F.  Green. 

12th  November,  1903. 


MOCK-SUNS. 

TO    THE    EDITORS    OF    KNOWLEDGE. 

Sirs,- — Colonel  Mark  wick  gives  (p.  231)  such  a  descrip- 
tion of  mock-suns  that  it  seems  needless  to  add  more, 
beyond  saying  that  they  are  caused  by  refraction  from 
ice-prisms  ;  and  also  that  the  clouds  on  which  they  appear 
may  be  so  thin  as  to  be  imperceptible  otherwise,  and  yet 
capable  of  producing  bright  mock-suns,  as  seems  to  have 
been  the  case  on  the  occasion  mentioned  by  Lieutenant 
K.  D.  Field  (p.  206). 

Sunderland,  T.  W.  Backhouse. 

21st  October,  1903. 


IS     THE     UNIVERSE     FINITE? 

TO  THE   EDITORS  OF  KNOWLEDGE. 

Sirs, —Dr.  Wallace's  new  book  will  no  doubt  renew  the 
controversy  on  this  question.  I  therefore  ask  space  for 
some  considerations  as  to  the  consequences  of  the  finite- 
ness  of  the  Universe  which  do  not  seem  to  be  sufficiently 
recognised. 

If  the  Universe  consists  of  a  finite  number  of  finite 
bodies  I  apprehend  that  it  must  have  had  a  beginning  in 
time,  which  drives  us  back  to  creation  a  nihilo.  Take,  for 
example,  the  Meteoritic  theory,  or  that  of  Professor 
Bickerton.  All  heat — at  least  all  intense  heat — is  the 
result  of  collision.  But  in  all  collision  motion  (molar 
motion)  is  destroyed,  and  in  fact  the  amount  of  motion 
destroyed  is  proportional  to  the  amount  of  heat  developed. 
A  finite  Universe  is  only  capable  of  containing  a  limited 
amount  of  motion  or  motive  energy — for  I  suppose  it  will 
be  admitted  that  the  velocities  with  which  bodies  originally 
moved  were  not  infinite.  How,  then,  if  matter  has  existed 
from  eternity  a  iiarte  ante,  is  there  any  motit)u  still  left — 
how  is  it  that  all  bodies  are  not  now  collected  in  a  single 
motionless  mass  ?  It  is  true  that  there  are  decreasing 
series,  the  sum  of  which  will  always  be  finite,  although 
the  series  is  carried  to  infinity.  But  the  explanation  of 
this  fact  is  that  after  a  very  large  number  of  terms  the 
amount  of  each  succeeding  term  becomes  so  minute  as  to 
be  negligible.  No  advocate  of  Meteoritic  or  Collisicmal 
theories  will  admit  that  collisions  have  now  attained  this 
utter  insignificance.  Indeed  it  is  maintained  that  they 
still  occur  on  a  large  scale  and  produce  very  sensible  effects, 
and  this  not  at  long  intervals  of  time  but  constantly. 
Creation  a  nihito,  or  the  transformation  into  matter  of 
something  which  in  its  original  condition  was  quite  unlike 
matter,  seem  to  be  the  only  alternatives. 

The  Nebular  theory  leads  to  a  similar  result.  The  great 
agent  is  here  the  radiation  of  heat  into  space,  owng  to 
which  the  nebula  contracts  until  it  becomes  solid,  becoming 
by  a  rather  paradoxical  law  hotter  as  it  loses  heat.  But 
if  this  process  has  been  going  on  from  eternity  a  parte 
ante  in  a  finite  Universe — the  original  nebula  or  nebula^  of 
course  containing  a  finite  quantity  of  heat  or  motion  con- 
vertible into  heat,  how  could  there  be  any  nebultc  left  at 


the  present  day  ?  But  I  need  say  nothing  as  to  their 
actual  number,  and  there  is  reason  to  think  that  besides 
those  known  to  us  there  are  vast  numbers  of  them 
giving  little  or  no  light,  the  contracting  process  not 
having  as  yet  jsroceeded  far  enotigh  to  render  them  self- 
luminous.  Any  other  theory  that  I  know  of  leads  to  a 
similar  result.  A  finite  Universe  must  ultimately  reach  a 
stage  at  which  further  changes  are  impossible  unless  it  is 
so  constituted  that  the  series  of  changes  will  return  in 
cycles — which  is  also  impossible  if  it  is  constantly  losing 
heat  without  any  return. 

I  have  never  seen  the  proof  of  Lane's  law  with  regard 
to  the  contraction  of  gases,  but  I  should  be  glad  if  any  of 
your  readers  could  tell  me  whether  according  to  it  the 
radiation  of  heat  from  a  gaseous  body  increases  or 
diminishes  while  it  is  contracting.  The  increased  tem- 
perature implies  greater  radiation  from  each  square  foot  of 
the  surface,  but  the  contraction  implies  that  the  number 
of  square  feet  in  the  surface  is  diminishing.  Which  of 
these  causes  is  the  more  potent?  If  the  latter,  contraction 
due  to  the  loss  of  heat  can  never  increase  the  total  radia- 
tion of  heat  from  the  contracting  body.  The  shape  of  the 
body  is,  I  presume,  to  be  unaltered  by  the  contraction. 

I  desire  to  correct  one  portion  of  my  former  letters. 
The  comparisons  between  the  light  of  the  full  moon  and 
that  of  the  sun  were,  I  believe,  made  between  the  full  moon 
and  the  hemisphei'e  of  the  sun  turned  towards  us,  and  not 
the  light  of  both  hemispheres  as  I  had  supposed.  Hence 
all  my  figures  should  have  been  doubled,  by  which  my 
argument  is  strengthened. 

W.  H.  S.  MoNCK. 


ON    RESOLVING    THE    GASEOUS    MOLECULE 
AND    SEEING    IT. 

TO    THE    EDITORS    OF    KNOWLEDGE. 

SiES, — I  think  the  following  will  greatly  interest  your 
readers.  Fill  a  thin  flask  with  dry  pure  chlorine  gas  and 
a  small  quantity  of  dry  air.  Illuminate  the  gases  with 
the  light  from  the  electric  arc  lamp,  concentrated  as  much 
as  possible.  The  gaseous  molecules  are  distinctly  visible 
with  the  naked  eye.  They  are  very  small  spheres  of 
equal  dimensions. 

West  Dulwich,  S.E.,  Fkedk.  Hovenden. 

October  26th,  1903. 

GASEOUS    NEBUL.'E. 

TO    THE    EDITORS    OF    KNOWLEDGE. 

Sirs, — The  idea  has  occurred  to  me  that  possibly  the 
phosjihorescent  glow  of  the  gaseous  nebulae  may  be  due  to 
the  presence  of  radium  in  the  gaseous  state  ;  in  other 
words,  that  the  unknown  element  "  nebuliiun "  may  be 
identical  with  radium.  Has  the  spectrum  of  radium  been 
well  determined,  and,  if  so,  does  its  spectrum  contain  a  line 
near  that  of  "  the  chief  nebular  line  "  at  A  5005  ? 

J.  E.  Gore. 

Dublin,  1903,  October  25th. 


Astronomical. — Valuable  additions  to  our  knowledge 
of  the  phenomena  of  new  stars  ai'e  resulting  from  investi- 
gations at  the  Lick  Observatory  which  are  being  made 
with  the  instrument  specially  designed  for  very  faint 
objects.  It  has  previously  beeu  found  that  Nova  Cygni 
(1876)  now  exhibits  no  bright  lines,  and  it  is  now  stated 
that  Nova  Auriga*  (1892)  is  approaching  the  same  con- 
dition, the  chief  nebular  line  having  disappeared  and  other 
bright  lines  having  become  weaker  in  proportion  to  the 
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continuous  spectrum.  In  Nova  Persei,  the  nebular  line  is 
still  bright,  but  striking  changes  have  been  noted  in  other 
lines.  Nova  Geminorum  is  still  at  an  earl_y  stage,  the 
nebular  line  continuing  to  increase  in  relative  intensity. 
It  is  considered  that  the  spectra  of  the  three  recent  Novae, 
like  the  spectrum  of  Nova  Cygni,  are  destined  to  attain 
the  same  character  as  that  of  the  great  majority  of  the 
stars,  and  that  the  whole  cycle  of  changes  will  occupy  but 
a  few  years. 

As  a  result  of  the  application  of  a  very  powerful  spectro- 
graph to  the  detenuination  of  the  surface  velocity  of  the 
planet  Venus,  Mr.  Slipher,  of  the  Lowell  Observatory,  finds 
that  the  rotation  period  of  the  planet  is  much  greater  than 
the  twenty-four  hours  assigned  by  some  observers,  and 
though  no  numerical  result  is  derived  from  the  obser- 
vations they  tend  to  confirm  the  longer  period  of  225  days 
arrived  at  by  other  observers. — A.  F. 


Botanical. — Hooker's  "Flora of  British  India,"  a  work 
of  seven  thick  octavo  volumes,  the  elaboration  of  which 
occujiied  nearly  a  quarter  of  a  century,  is  likely  to  remain 
for  a  long  time  the  standard  general  Flora  of  the  Indian 
Empire.  Since  its  completion,  however,  in  1897,  several 
Indian  local  Floras  have  appeared,  more  or  less  based  on 
Hooker's  Flora,  which  will  prove  a  boon  to  those  who  wish 
to  limit  their  study  of  Indian  botany  to  the  flora  of  some 
presidency  or  well-defined  district.  A  "  Forest  Flora  of 
the  School  Circle.  N.-W.P.,"  by  a  native  botanist,  TJ. 
Kanjilal,  was  issued  in  1901.  Dr.  Theodore  Cooke  has 
undertaken  the  "  Flora  of  the  Presidency  of  Bombay,"  of 
which  the  first  volume,  containing  Eanunculacese  to 
Rubiaceee,  has  appeai-ed.  A  work  which  employed 
many  of  the  latter  years  of  the  life  of  the  late  Sir  Henry 
CoUett  was  the  "  Flora  Simlensis :  a  Handbook  of  the 
Flowering  Plants  of  Simla  and  the  Neighbourhood."  This 
was  published  last  year,  shortly  after  the  author's  death. 
Besides  an  interesting  introduction  by  Mr.  W.  Botting 
Hemsley,  it  has  two  hundred  illustrations,  which  the  student 
will  find  of  much  service  in  the  work  of  identification. 
Mr.  J.  S.  Gamble's  excellent  "Manual  of  Indian  Timbers," 
of  which  a  new  and  revised  edition  appeared  last  year, 
appeals  especially  to  the  forester.  The  latest  local  Flora  is 
Mr.  J.  F.  Duthie's  "  Flora  of  the  Upper  Gangetic  Plain," 
<tc.  Part  I.,  containing  Eanunculaceae  to  Comaceee,  has 
just  been  issued.  All  these  works  are  in  English,  and  are 
as  concise  as  is  compatible  with  utility.  Though  no 
attempt  is  being  made  here  to  draw  attention  to  all  the 
important  publications  on  Indian  botany,  reference  should 
be  made  to  the  fine  series  of  profusely  illusti-ated 
monographs  which  have  appeared  in  the  "  Annals  of 
the  Eoyal  Botanic  Garden,  Calcutta."  Ficiis,  Qiiercus, 
Pedicularis,  Anouaceas,  OrcMdacese  and  Bambusex,  are  the 
principal  genera  or  orders  dealt  with. 

In  the  Kew  Museums  is  preserved  a  remarkable 
proliferous  pine  cone  about  which  Sir  W.  T.  Thiselton- 
Dyer  has  a  note  in  the  September  number  of  the  "  Annals 
of  Botany."  The  specimen  was  sent  to  the  author  of  the 
note  by  the  late  Comte  de  Paris,  in  1894,  having  been 
found  on  his  estate  near  Seville,  in  Spain.  The  cone  is 
that  of  the  "  Stone  Pine  "  {Piniis  Finea),  a  species  which 
produces  edible  seeds,  these  being  strung  together  and  sold 
in  the  markets  of  Lisbon.  A  normal  cone  is  about  sis 
inches  long,  but  that  here  referred  to  is  only  three  and  a 
half  inches  long,  the  diminution  in  size  being  due  to  the 
smaller  number  of  scales.  When  found  it  was  lying  on 
the  ground  and  bore  a  shoot  at  the  apex  about  six  inches 
long.  It  was  taken  home  by  the  Comte  de  Paris  and  left 
on  a  table,  where  it  continued  to  grow  for  a  month,  making 
a  stem  more  than  a  foot  long,  and  having  three  branches. 


Growth  then  suddenly  ceased,  and  in  spite  of  every 
attention  the  shoot  withered  and  died.  This  is  the  first 
case  recorded  of  terminal  prolification  in  a  pine  cone. 
— S.  A.  S. 


Zoological. — According  to  Mr.  J.  L.  Bonhote  {Zoologist, 
1903,  October),  the  Cambridge  Museum  possesses  an  un- 
doubted British-caught  specimen  of  the  mouse-coloured  bat 
(Myotis  murinus,  or  M.  ynyotis),  taken  at  Girton,  in  1888, 
by  a  lady  student.  The  only  previous  British  record  was 
based  on  specimens  taken  some  time  before  18.5.5  in  the 
grounds  of  the  British  Museum.  These  specimens  have 
been  lost  sight  of.  The  Girton  specimen,  Mr.  Bonhote 
thinks,  was  probalily  brought  from  the  Continent  with 
plants  or  other  produce. 

In  a  recent  issue  of  the  Proceedings  of  the  Cambridge 
Philosophical  Society,  Prof.  Eidgeway  announces  that  he 
believes  the  thoroughbred  horse  to  be  descended  from 
Grevy's  zebra  (Equiis  grevyi)  of  North-east  Africa.  A 
more  astounding  statement  could  scarcely  have  been  made 
in  a  scientific  journal,  especially  when  it  is  borne  in  mind 
that  the  Professor  derives  horses,  other  than  thorough- 
breds, from  the  prehistoric  horse  of  Europe.  That  is 
equivalent  to  saying  that  two  strains,  so  alike  in  general 
characters  as  in-e  the  thoroughbred  and  the  ordinary  "  cold- 
blooded "  horse,  are  the  descendants  of  totally  different 
species,  one  of  which  was  uniformly  coloured,  while  the 
other  was  striped  I  Prof.  Eidgeway  also  states  that  the 
prehistoric  European  horse  was  only  ten  bands  high,  or 
about  the  size  of  a  Shetland  pony.  We  wonder  whether 
he  has  ever  looked  at  the  series  of  cannon-bones  of  the 
prehistoric  horse  in  the  Natural  History  Museum,  and 
compared  them  with  the  corresponding  bones  of  recent 
horses. 

A  new  generic  type  of  marine  turile(Eocheloiie  hrahantica) 
from  the  Middle  Eocene  of  Belgium,  is  described  bv  Mr.  L. 
Dollo,  in  the  Bulletin  of  the  Eoyal  Belgian  Academy.  In 
the  forward  position  of  the  inner  nostrils,  as  well  as  in  the 
shortness  of  the  union  between  the  two  branches  of  the 
lower  jaw,  this  species  differs  from  the  true  turtles  of  the 
present  day,  and  approximates  to  the  luth,  or  leathery 
turtle  (Dermochelys).  Moreover,  both  the  upper  and 
lower  shells  are  much  reduced,  and  show  many  vacuities. 
These  features  serve  to  confirm  the  view  that  the  luth  is  a 
specialized  form  derived  from  the  ancestors  of  the  true 
turtles.  Nevertheless,  on  account  of  its  peculiar  un- 
attached "mosaic"  carapace,  Mr.  Dollo  considers  that, 
together  with  the  extinct  Psephophorux,  it  should  represent 
a  family  by  itself.  On  the  other  hand,  all  the  other  turtles 
including  the  luth-like  Eosphargis  of  the  London  clay, 
should  be  placed  in  the  family  Chelonidse,  on  account  of 
their  possessing,  albeit  in  some  cases  in  a  rudimentary 
condition,  a  carapace  attached  to  the  ribs. 

The  function  of  the  so-called  labmnth  of  the  internal 
ear  of  fishes,  forms  the  subject  of  a  yjaper  by  Mr.  T. 
TuUberg,  published  in  the  Bihang  of  the  Swedish  Academy. 
Although  this  structure  may  also  act  as  an  organ  of 
hearing,  the  author  is  of  opinion  that  its  principal  function 
is  to  take  cognizance  of  the  movements  of  the  water  in 
which  fishes  live. 

Glyptodons,  or  giant  extinct  armadillos,  were  long 
supposed  to  be  confined  to  South  and  Central  America. 
Some  years  ago  their  remains  were,  however,  discovered 
in  Texas ;  and  recently  Prof.  H.  F.  Osborn  (Bull.  Amer. 
Mus.,  Vol.  XIX.,  p.  491)  has  described  and  figured  a  very 
fine  carapace  and  tail-sheath  of  one  of  these  strange 
monsters  from  the  latter  state.  It  is  regarded  as 
representing  a  new  generic  type,  under  the  name  of 
Glyptotherium. 
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The  extinct  three-toed  horses  of  North  America  have 
hitlierto  lieeii  regarJed  as  geuerically  insej)arable  from  the 
Euroisean  Hi/jparion,  and  it  was  suggested  l)v  the  late 
Prof.  Cope  that  the  modern  horses  have  had  a  dual  origin 
— from  the  hi|)parions  of  the  Old  World  on  the  one  side, 
and  from  their  American  representatives  on  the  other. 
Recently  Mr.  J.  W.  Gi^Uev,  in  the  Bidhdln  of  the  American 
Museum,  has  come  to  the  eouclusion  that  the  New  World 
hipparions  are  generically  distinct,  and  he  proposes  that 
they  should  be  known  as  Neohipparinn.  They  differ  from 
the  Old  World  forms  by  certain  details  of  tooth  structure, 
as  well  as  by  their  more  slender  limbs,  in  which  it  seems 
that  the  lateral  toes  are  relatively  smaller.  Finally,  they 
are  of  Miocene,  instead  of  Pliocene,  age. 


Geographical. — Northern  Nigeria. — On  November  4tli 
Sir  Frederick  D.  Lugard  read  a  paper  on  Northern  Nigeria 
before  the  Royal  Geogiaphical  Society.  After  briefly 
dealing  with  the  history  of  the  country,  the  High  Com- 
missioner gave  some  interesting  details  regarding  the 
native  races.  The  Mohammedan  Fulanis  were,  generally 
speaking,  the  ruling  race.  Originally  herdsmen,  they  had 
become  invaders  and  conquerors  by  the  necessity  of  finding 
fresh  grazing-grouuds.  It  was  curious  that,  while  one 
section  of  them  supplied  the  ruling  dynasty,  the  other 
remained  herdsmen,  and  occupied  often  an  even  more 
servile  position  than  the  conquered  Bantu  races.  Although 
the  Fulani  had  degenerated,  and  had  become  detested  for 
their  mis-rule.  Sir  Frederick  Lugard  believed  that  the 
future  of  the  virile  races  of  the  protectorate  lay  largely  in 
their  regeneration.  The  indigenous  people  were  of  many 
different  tribes.  Of  these  the  Hausas  were  the  most  con- 
siderable. Their  language  was  the  lirujua  franca  of 
Northern  Nigeria,  especially  of  trade,  and  their  keen 
commercial  instincts  had  earned  for  them  the  name  of 
"  the  business-men  of  West  Africa."  They  made  admir- 
able soldiers,  and  were  brave  and  reliable,  but  probably 
inferior  in  mental  ability  and  alertness  to  either  the  Nupes 
or  Yorubas.  The  latter  were  hartUy  less  Leen  traders 
than  the  Hausas — at  least  equally  industrious,  and  much 
quicker  to  learn — though  hardly  equal  to  them  in  stolid 
pluck.  The  Nujjes  were  the  finest  of  the  three  in  physique, 
and  were  very  intelligent ;  but  they  had  not  the  pluck  of 
the  others,  and  their  ability  was  apt  to  degenerate  into 
cunning,  treachery  and  falsehood.  These  tribes  had,  to 
some  extent,  embraced  the  faith  of  Islam,  especially  the 
Hausas.  There  were  other  groat  tribes  who  were  pagans. 
In  a  short  account  of  thr  plivsifal  geography  of  the 
province.  Sir  Frederick  Lugard  spnk.'  of  the  annual  rise  of 
the  Niger,  upon  which  its  navigability  depended.  The 
annual  rise  caused  by  the  rains  occurs  in  August  and 
September  ;  but  since  the  river  rises  in  the  zone  of  heavy 
rainfall,  and  the  lakes  around  Timl)uktu  ionn  a  vast  storage, 
the  surjilus  water,  traversing  "2001  >  miles  of  country  before 
it  again  reaches  lat.  10^,  causes  a  second  flood  towards 
January,  and  thus  tends  to  keep  the  whole  river  at  a  higher 
level  for  the  greater  part  of  the  year. 

"Four  Years'  Arctic  Exploration,  1898-1902,"  was 
the  title  of  Commander  R.  E.  Peary's  lecture  to  the  Royal 
Geographical  Society,  on  November  10th. 

During  1899,  material  was  obtained  for  the  accurate 
uiappiug  of  Buchanan  Bay,  the  Bache  Peninsula,  and  the 
I'riiiciss  Marie  Bay  region  in  Ellesmere  Land. 

Ill  1900,  an  important  year's  work  was  acconi])lished  by  a 
long  sledge  journey  along  the  north-west  coast  of  Greenland. 
Arrived  after  much  hard  work  at  Cape  Washington,  Com- 
mander Peary  found,  to  his  delight,  that  this  was  not  the 
most  northern  point  of  Greenland,  as  hitherto  supposed. 
Still  further  to  the  north-eastwards  he  eventually  rounded 


it,  and  had  the  satisfaction  of  being  the  first  to  tread  this 
most  northerly  known  point  of  land  in  the  world.  The 
non-existence  of  land  far  to  the  north  and  north-east  led 
him  to  conclude  that  an  uninterrupted  sea  stretched  from 
this  point  across  the  Pole  even  to  Spitzbergen  and  Franz 
Josef  Land  on  the  opposite  side.  An  observation  of 
extreme  interest  was  that  at  this  most  northerh'  point  of 
land,  surrounded  as  it  was  by  everlasting  ice.  so  large  an 
animal  as  the  musk-ox  was  found,  besides  hares,  foxes  and 
lemmings,  and  such  land  birds  as  the  snowy  owl,  the 
jjtarmigan,  and  the  snow  bunting. 

In  1901,  Commander  Peary  again  left  Conger  on 
another  expedition,  but  on  reaching  Lincoln  Bay  the 
condition  of  men  and  dogs  was  such  that  he  was  forced  to 
return. 

In  1902,  starting  from  Payer  Harbour  and  proceeding 
up  the  east  coast  of  Ellesmere  Land,  Commander  Peary 
made  a  rush  for  the  Pole,  but  succeeded  only  in  reaching 
north  latitude  84°  17'  27".  In  his  various  lengthy  sledge 
journeys  Commander  Peary  has  l^een  very  greatly  assisted 
by  a  number  of  Esquimaux,  while  his  sledges  have  been 
drawn  by  teams  of  dogs,  we  presume  of  the  Esquimaux  and 
not  of  the  Samoyed  breed  used  by  Dr.  Nansen,  the  Duke 
of  Abruzzi  and  others.  In  his  lecture  Commander  Peary 
spoke  very  feelingly  abnut  these  Esquimaux  and  the  dogs, 
but  we  think  it  a  great  pity  that  be  should  have  dwelt  so 
much  upon  the  hardships  and  diificulties  encountered, 
while  by  his  repeated  appeals  to  the  sentiments  of  his 
audience  his  lecture,  taken  as  a  scientific  discourse,  was, 
in  our  opinion,  much  deteriorated. 

Next  year  (1904)  Commander  Peary  hopes  to  start  again 
for  the  west  coast  of  Greenland.  This  time  he  will 
endeavour  to  get  his  boat  so  far  north  that  he  will  be  able 
to  winter  on  the  northern  shore  of  Grant  Land.  Should 
he  be  able  to  do  this  he  would  be  in  a  position,  with  the 
help  of  his  Esquimaux  and  his  dogs,  to  reach  the  P'>le  by 
a  sledge  journey  of  considerably  shorter  length  than  the 
average  length  of  his  several  former  journeys,  which  had 
as  their  base  a  much  more  southerly  point. 
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Aquatic  Warbler  in  Ireland  (Irish  Naturalist,  1903,  November, 
p.  300).— Mr.  R.  M.  Barrinston  records  that  an  immature  male 
specimen  of  the  Aquatic  Warbler  (Acrocephalus  aquaticus)  has  been 
sent  to  him  from  the  Bull  Rock  Lighthouse,  Co.  Cork,  which  it  struck 
on  September  20Hi  List.  The  Aquatic  Warbler,  which  is  common  in 
Central  and  .Southern  Europe,  has  not  been  recognised  before  as 
occurring;  in  Irclanil.  Onlv  some  eight  specimens  have  been  reconled 
for  England,  probablv  owing  to  this  bird's  similarity  to  the  Sedge 
Warbler. 

Orp/ieitt  Warbler  in  Sussex. — At  a  meeting  of  the  British  Ornitho- 
logists' Club,  held  on  October  21st  last,  Mr.  W.  Ruskin  Butterfield 
exhibited  a  female  specimen  of  this  Warbler,  which  had  been  shot 
near  St.  Lconards-ouSea  on  October  Tth.  The  Orphean  Warbler  is 
a  common  siimmer  resident  in  many  parts  of  Soutlicrn  Europe,  and 
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in  Asia  Minor,  but  a  tliorouglilv  autlienticated'  ins'anee  of  its 
Ofcun-ence  in  the  British  Islands  has  hitherto  been  wanting. 

Black-tcinpei  Pratincole  in  Sussex  and  Kent. — At  the  same 
meetiDi;  Mr.  Boyd  Alexander  exhibited  an  adult  female  specimen  of 
the  Black-winged  Pratincole  f'G/areoZa  melanopteraj  which  had  been 
shot  in  Rye  Harbour  on  the  ISth  of  June  Ust.  Mr.  Alexander  also 
noted  that  an  adult  male  had  been  sliot  on  June  17th  on  Romney 
Marsh.  These  twj  specimens,  with  the  one  previously  obtained  on 
Romney  Marsh,  and  already  recorded  (Knowledge,  190.3,  August, 
p.  184).  probably  visited  our  shores  in  company. 

Greit  Reed  Warbler  in  Sussex  — Mr.  M.  J.  XicoU  exhibited  at  the 
same  meeting  a  specimen  of  the  Great  Reel  Warbler  fAcrocephahis 
tiirdoides)  which  he  had  shot  on  September  2.5th,  1900,  near  St. 
Leonards.  There  are  only  four  previous  authentic;  records  of  the 
occurrence  of  this  bird  in  Great  Britain,  althouoli  it  is  very  common 
near  at  hand  on  the  Continent,  and  its  loud  voice  would  be  likely  to 
prevent  it  from  escaping  notice  had  it  visited  this  country  more  often. 

Taienii  Pipit  in  Kent. — Mr.  XicoU  also  exhibited  two  Tawny 
Pipits  (Anthits  canipesfri^J,  shot  at  Rye  Harbour  on  September  22nd. 
It  is  curious  that  this  bird  is  not  more  often  recorded  as  a  visitor  to 
the  British  Islands  (it  has  been  noticed  some  twenty  or  tliirty  times), 
since  it  breeds  as  near  to  us  as  the  North  of  France  and  Holland, 
while  it  is  very  common  in  Southern  Europe  and  North  Africa. 

Seport  on  the  ilovements  and  Occurrence  of  Birds  in  Scotland 
(hiring  1902.  By  T.  G.  Laidlaw,  m.b  o.r.  {Annals  of  Scott.  Kat. 
Mist.,  1903,  pp.  78-79,  144-153,  20.5-210).— This  yearly  report  is 
very  useful,  but  the  records  are  becoming  so  numerous  that  it  may  be 
found  advisable  in  future  to  omit  some  of  the  details,  and  to  sum- 
marize the  observations. 

All  contributions  to  the  column,  either  in  the  way  of  notes 
or  photograplis,  should  be  forwarded  to  Harby  F.  WiTHERBy, 
at  the  OJice  o/ Knowledge,  326,  Sigh  Holhorn,  London. 


^oUct9  of  Boolts. 

"The  Geogk.\phy  of  Disease."  By  Dr.  F.  G.  Clemow. 
Pp.  xiv.  and  624.  (Cambridge  University  Press.)  l.'(s. — This 
is  one  of  the  most  important  contributions  to  scientific  literature 
that  has  come  under  our  notice  for  some  time.  Though  the 
area  of  distribution  of  disease  parasites  is  not  the  same  as 
that  of  the  human  diseases  caused  by  them,  the  more  the  student 
of  pathology  knows  about  both  the  better  it  is  for  mankind  in 
general.  In  many  cases  the  reason  why  certain  diseases  are 
endemic  in  some  districts  and  absent  from  others  admits  of 
simple  explanation,  but  there  are  numerous  cases  where  the 
relationship  between  cause  and  consequence  cannot  be  so  clearly 
seen.  Some  diseases,  such  as  measles,  typhoid  fever  and 
■whooping  cough,  occur  in  all  parts  of  the  inhabited  world  ; 
scarlet  fever  and  diphtheria  are  found  mainly  in  temperate 
and  cool  climates,  while  malaria  and  dysentery  are  most 
frequent  near  the  tropics.  Cholera,  plague  and  yellow 
fever  is  endemic  in  certain  limited  areas,  but  at  irregular 
intervals  they  spread  to  almost  any  part  of  the  world.  Then, 
again,  some  diseases  seem  to  be  antagonistic  to  others  ;  thus,  the 
diminution  of  malaria  in  many  European  countries  in  recent 
years  has  been  concurrent  with  an  increase  of  cancer  in  the 
same  countries,  and  the  fact  suggests  a  relationshi])  between 
the  two  diseases.  With  the  material  which  Dr.  Clemow  has 
so  industriously  collated,  it  becomes  possible  to  make  a  scientific 
study  of  the  distribution  of  the  various  diseases  to  which  human 
flesh  is  heir,  and  to  consider  the  factors  which  determine  the 
range  of  the  maladies.  To  students  of  geographical  and  historical 
pathology  the  book  will  be  an  invaluable  work  of  reference. 
With  colonies  in  all  parts  of  the  world,  it  is  of  the  highest 
importance  that  our  medical  graduates  should  be  in  possession 
of  the  volume  which  Dr.  Clemow  has  prepared  ;  and  the  lay 
public  will  find  so  much  of  interest  in  it  that  the  book  should 
be  added  to  every  reference  library. 

"  The  Wonderful  Century  :  The  Age  of  Kew  Ideas  in 
Science  and  Invention."  By  Dr.  A.  R.  Wallace.  Pp.  xii.  and 
;Vi7.  (Swan  Sonnenschein.)  7s.  6d.  net. — So  far  as  we  know  there 
does  not  exist  a  better  popular  account  of  the  nature  and  growth 
of  science  and  invention  during  the  past  hundred  years  than  is 
given  by  Dr.  Wallace  in  this  volume.  The  first  edition  was 
good,  but  the  present  edition  is  even  more  valuable,  and  .should 
command   a   large   circle  of  readers.'     The  long   chapter   on 


vaccination  has  been  omitted,  the  chapters  on  locomotion, 
photography,  and  chemistry  have  been  extended,  and  new 
chapters  have  been  added  on  electrical  and  astronomical 
advances.  Scir-ely  a  subject  of  importance  has  been  over- 
looked, so  that  the  volume  gives  a  broad  view  of  the  present 
state  of  knowledge  and  conditions  of  living.  Radium  is  briefly 
mentioned,  and  among  other  matters  surveyed  are  the  liquefac- 
tion of  gases,  colour  photography,  and  the  evolution  of  chemical 
elements.  Special  attention  is  given  to  the  author's  view  that 
the  solar  system  is  at  or  near  the  centre  of  the  universe.  The 
section  on  wirele  s  telegraphy  is,  however,  scarcely  up-to-date, 
for  as  messages  have  been  exchanged  from  one  side  of  the 
Atlantic  to  the  other,  the  remark  that  the  distance  across  which 
messages  have  been  sent  "  has  been  extended  to  two  hundred 
miles,  between  the  Isle  of  Wight  and  Cornwall,"  is  somewhat 
behind  the  times. 

"Cohen's  PHysic\L  CiiEMrsTRY."  Translated  from  the 
German  by  Martin  H.  Fischer,  m.d.  (Bell.)  Os.  net. — We  can 
heartily  recommend  this  little  book  to  anyone  desirous  of 
becoming  acquainted  with  the  principles  of  physical  chemistry. 
It  has  343  pages,  is  well  illustrated,  and  is  provided  with 
numerous  references  to  the  leading  scientific  journals.  So  many 
books  of  this  kind  are  liable  to  become  unreadable  lists  of  facts, 
but  the  present  author's  style  is  interesting  and  lucid,  and 
entirely  free  from  technical  mannerisms.  The  lectures  on 
electrolytic  dissociation  are  exceedingly  good.  The  theory  of 
Arrhenius,  and  the  various  methods  employed  in  determining 
the  extent  of  the  dissociation  of  electrolytes  in  solution,  are  by 
no  means  easy  to  grasp  when  met  with  for  the  first  time,  but 
the  lucid  way  in  which  Prof.  Cohen  treats  the  subject  causes 
most  of  the  usual  difficulties  to  disappear.  The  author  has 
greatly  added,  also,  to  the  value  of  his  book  by  showing  the 
relations  which  exist  between  physical  chemistry  and  biology, 
and  by  revealing  many  fields  for  research,  the  pursuit  of  which 
would  jirove  of  untold  profit  to  medical  men  and  biologists. 

Dr.  Fischer  is  to  be  congratulated  on  the  able  way  in  which 
he  has  effected  the  translation. 

"  Steel  and  Iron."  By  A.  H.  Hiorns.  Pp.  xvi.  and  514. 
(M'acmillan.)  lOs.  Gd.  —  Mr.  Hiorns  has  produced  several 
excellent  text-books  on  metallurgy,  and  many  students  will  be 
glad  that  he  has  now  facilitated  their  studies  by  bringing 
together  the  essential  points  of  papers  published  at  home  and 
abroad  on  various  aspects  of  the  iron  and  steel  industries.  It  is 
no  easy  matter  to  assimilate  and  present  in  a  digested  form  the 
mass  of  literature  of  real  significance  in  any  scientific  subject,  and 
the  author  who  attempts  this  task  deserves  well  of  his  generation. 
Mr.  Hiorns  does  not  pretend  to  have  taken  account  of  more 
than  a  ssrall  proportion  of  published  papers  on  iron  and  steel, 
but  he  does  give  the  results  and  conclusions  of  leading 
authorities,  so  that  the  student  of  metallurgy  is  able  to  take  a 
view  of  the  subject  in  the  light  of  recent  theory  and  experience. 
The  descriptions  are  concise,  well  illustrated,  scientific  and 
practical,  and  the  book  as  a  whole  is  a  credit  both  to  the  author 
and  publisher. 

'■A  Manual  of  Pal.earctic  Bird.s."  By  H.  E.  Dresser, 
K.L.S.,  K.z.s.  (Published  by  the  Author  at  3,  Hanover  Square, 
W.)  2nd  part.  12s.  fid. — In  a  notice  of  the  first  part  of  this 
work  (Knowledge,  1903,  July,  p.  lo8,i  complaint  was  made  of 
the  omission  of  many  described  forms  which  were  entitled,  in 
our  opinion,  to  rank  equally  in  ))oint  of  distinction  with  many 
which  had  found  a  place  in  the  volume.  In  the  preface  to  the 
work,  which  is  included  in  the  part  now  under  review,  Mr. 
Dresser  gives  a  curious  reason  for  these  omissions.  After 
referring  to  the  dangers  of  the  "  endless  manufacture  of  sub- 
species," the  author  declares  that  he  has  "declined  the  recognition 
of  such  so-called  'sub-species'  as  those  who  have  described  them 
have  so  little  confidence  in  as  to  need  the  aid  of  trinomials." 
Granted  that  it  was  wise  to  omit  from  a  work  planned  for  field- 
naturalists  the  sub-species  least  easily  distinguishable,  a  proper 
standard  for  selection  was  of  the  utmost  importance.  Mr. 
Dresser's  resolution  to  omit  those  forms  described  under  a  more 
modern  system  than  that  used  by  him  was  a  great  error  of 
judgment,  and  an  inconsistent  selection  of  the  forms  treated  of 
in  the  work  has  been  the  natural  consequence.  Notwithstanding 
this  serious  fault,  the  work  will  be  found  very  useful  in  many 
ways.  The  arrangement  is  excellent,  and  a  great  amount  of 
good  information  is  compressed  into  a  very  small  space.  Besides 
the  scientific  appellation,  the  name  of   each  bird  is  given  in 
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English  and  several  other  languages.  A  description  of  the 
species,  a  statement  of  its  range,  and  an  account  of  its  habits, 
follow  in  concise  form.  The  book  should  be  e.xceedingly  useful 
to  the  traveller,  provided  he  bears  in  mind  that  very  many 
distinct  geographical  forms  have  been  entirely  omitted. 

"Agricultural  Geology.''  By  J.  B.  Marr,  ma.,  f.r.s. 
Pp.  xii.  +  320.  (Methuen.;  6s.  Illustrated. — This  book  is 
written  to  suit  the  requirements  of  candidates  for  the  Inter- 
national Diploma  of  Agriculture.  It  suffers  to  a  certain  extent 
from  the  apologies  which  its  author  so  frequently  makes  for 
passing  over  interesting  and  even  important  portions  of  his 
subject.  Either  so  admirable  a  teacher  of  geology  should  not 
undertake  to  write  a  text-book  which  cannot  appeal  to  him  as 
a  work  of  art,  or  he  should  imbue  himself  with  the  peculiar 
needs  of  his  readers,  and  give  the  book  the  appearance  of  a 
continuous  narrative,  which  shall  captivate  the  student,  and 
entrap  him  towards  something  higher.  No  two  writers  will 
agree  precisely  as  to  what  shall  be  omitted  in  the  "  acting 
version  "  whicih  they  place  before  the  public.  We,  for  instance, 
should  have  laid  stress  on  the  iron-ores  as  ingredients  of  soils 
(p.  IW),  seeing  that  the  muddy  streamlet  and  the  warm  brown 
new-ploughed  land  alike  owe  their  colour  to  limonite,  and 
ultimately  to  magnetite,  and  ferriferous  silicates,  a  fact  well 
recognised  on  p.  88.  We  should  have  omitted  mention  of  nitre 
(p.  33),  used  mainly  for  gunpowder,  but  should  have  given  the 
precise  chemical  composition  of  Kainite  and  Carnallite,  and  have 
explained  why  this  is  not  realised  in  commercial  samples  (pp. 
33  and  309).  The  origin  of  these  salts  forms  one  of  the  most 
fascinating  chapters  in  geology  ;  and  agricultural  students  are 
not  the  mere  "  practical  "  persons  referred  to  on  p.  307.  They 
are  unwittingly  concerned  with  the  most  poetic  and  natural  of 
all  professions  ;  and  the  geologist  may  be  proud  to  meet  them 
on  the  question  of  the  regeneration  of  the  earth.  We  admire 
Mr.  Marr's  clear  treatment  of  denudation,  and  of  the  resulting 
surface-features  (pp.  81-134).  Here  the  agricultural  require- 
ments in  soils  are  stated  in  a  very  concise  form,  the  author 
evidently  desiring  to  avoid  overlapping  on  other  branches  of 
the  curriculum.  His  use  of  "lime,"  however,  for  "carbonate 
of  lime,"  is  too  great  a  concession  to  agricultural  custom  (p.  96). 
Still  more  excellent  is  the  section  on  geological  surveying  (pp. 
143-210),  which  will  make  the  published  maps  appeal  in  all  their 
detail  to  the  reader.  The  concluding  chapters  on  stratigraphical 
geology  are  inevitable,  owing  to  the  requirements  of  examiners; 
but  they  naturally  cballenge  comoari.son  with  many  ordinary 
te-xt-books  of  geology.  We  confess  that  we  should  like  to  see 
the  physical  part  of  the  book  expanded,  and  the  pupil  left  to 
study  in  detail  the  country  in  which  he  proposes  to  found  his 
home.  The  British  Isles,  by  which  public  examiners  mean 
England  and  a  part  of  Wales,  have  too  long  been  made  a  fetish  ; 
aud  students  will  rattle  off  the  succession  of  Jurassic  strata  near 
Lackhamptou  who  have  no  conception  of  some  of  the  most 
important  epochs  in  the  evolutionary  history  of  the  globe. 
Mr.  Marr  must  have  felt  himself  again  and  again  hampered  in 
the  preparation  of  the  present  treatise,  which  does  not  rival 
those  well-known  books  in  which  he  struck  across  new  country. 

"Mo.-;tlv  MAM.MALS."  By  R.  Lydekker.  383  pp.  1903. 
(Hutchinson  &  Co.) — This  is  a  volume  of  collected  essays,  which 
"  have  previously  appeared  in  periodical  literature  ;  the  great 
majority  in  Knowi.udge,  but  others  in  Xnttire,  the  Field,  and 
the  A!ii<in."  Save  in  a  few  instances  only,  these  essays  are 
iiresented  in  their  original  form  or  "with  such  alterations  as 
have  been  found  necessary  in  order  to  bring  them  up  to  date, 
and  with  a  few  omissions  to  avoid  unnecessary  repetition.  A 
certain  amount  of  repetition  will,  indeed,  still  be  found  to  exist, 
as  somewhat  similar  ground  is,  in  certain  instances,  traversed  in 
the  course  of  two  separate  articles.  To  have  avoided  this  would 
have  entailed  practically  re- writing  some,  or  the  total  omission 
of  others."  We  cannot  but  regret  that  this  plan  of  issue  was 
decided  upon,  since  some  of  the  articles  would  most  certainly 
have  been  improved  by  re-casting  and  addition.  Nowhere  is 
this  more  noticeable  than  in  the  chapter  on  ''  .Vnimals  Exter- 
minated during  the  Nineteenth  Century,"  which  occupies  rather 
loss  than  seven  pages.  Again,  the  chapters  on  "  The  Coloration 
of  Large  Animals,"' and  "Spots  and  Stripes  in  Mammals,"  would 
undoubtedly,  if  re-cast  and  made  to  form  a  -single  essay,  have 
gained  in  value.  It  is  scarcely  necessary,  in  the  pages  of 
Knowledge,  to  indicate  further  the  nature  of  the  contents 
of  this  book  and,  doubtless,  the  intrinsic  merit  of  those  articles 


which  have  appeared  in  this  journal  will  induce  the  readers 
thereof  to  buy  the  volume  for  the  sake  of  the  essays  which  have 
appeared  elsewhere. 

"  A  Naturalist's  Calendar,  kept  at  Swaffham  Bulbeck, 
Ca.mbridgesiure,  by  Leonard  Blomefield  (formerly 
Jenyns)."  Edited  by  Francis  Darwin.  Pp.  xviii.  -\-  84. 
(Cambridge  University  Press.)— Mr.  Blomefield  was  an  accurate 
and  painstaking  naturalist,  whose  nature  calendar  was  founded 
on  observations  made  near  Cambridge  between  the  years  1820 
and  1831.  Every  Cambridgeshire  naturalist  will  be  glad  to 
possess  a  copy  of  this  calendar,  which  shows  the  average  date  of 
appearance  and  of  various  stages  of  development  of  plants  and 
animals,  and  the  earliest  and  latest  occurrence  of  each  pheno- 
menon. Mr.  Darwin,  in  an  appreciative  introduction,  points 
out  that  Mr.  Blomefield  was  known  for  his  minute  and 
scrupulous  exactness  in  matters  of  fact,  so  that  his  record  is  of 
real  scientific  value,  as  weU  as  being  of  interest  to  the  amateur 
naturalist.  By  means  of  the  calendar  and  its  index  it  is  easy  to 
find  the  mean,  earliest  and  latest  dates  on  which  birds  appear, 
commence  and  cease  to  sing  ;  when  the  leaves  of  plants  are  seen 
and  flowers  open  and  fruit  appear;  as  well  as  of  many  other 
phenological  phenomena.  The  common  as  well  as  the  scientific 
names  are  given,  jto  that  the  calendar  can  be  consulted  and  under- 
stood by  anyone  interested  in  outdoor  life.  The  dates  only  apply, 
of  course,  to  the  Cambridge  district,  and  very  decided  differences 
will  be  noticed  by  naturaUsts  in  other  places.  Our  field  clubs 
should  always  keep  in  mind  that  they  cannot  perform  a  more 
useful  and  appropriate  work  than  that  of  preparing  and 
publishing  such  records. 

"  Smithsonian  Physical  Tables."  Prepared  by  Prof. 
Thomas  Gray.  Second  Revised  Edition.  Pp.  xxxiv.  -\-  301. 
(Washington  :  Smithsonian  Institution.)— The  publication  of 
tables  of  trustworthy  results  in  physics,  meteorology  and 
geography,  is  one  of  the  many  ways  in  which  the  Smithsonian 
Institution  assists  scientific  progress.  To  the  student  of  science 
and  to  the  investigator  it  is  very  convenient  to  be  able  to  refer 
readily  to  the  values  obtained  by  well-known  authorities,  whose 
methods  of  experiment  and  careful  work  give  reason  for  con- 
fidence in  their  results.  In  the  volume  before  us  tabulated 
values  are  given  for  practically  every  physical  constant  or 
relation,  with  references  in  most  cases  to  the  publication  from 
which  the  results  have  been  obtained.  Mathematical  tables  are 
also  included,  and  the  whole  is  weU  indexed.  Separate  volumes 
are  ijublished  for  geographical  and  meteorological  data,  but 
revised  editions  of  these  have  not  been  published  for  some  years. 
It  would  be  an  advantage  if  revised  editions,  in  which  new 
results  are  included,  could  be  published  every  year  or  so. 

"The  Cloud  World:  its  Features  and  Significance." 
By  Samuel  Barber.  Pp.  vii.  -i-  139.  (London  :  Elliot  Stock.) 
Illustrated.  7s.  (Id.— The  value  of  this  book  lies  in  the  original 
observations  it  contains,  and  in  the  excellent  illustrations,  many 
of  which  have  already  appeared  in  the  pages  of  Knowledge. 
IMr.  Barber  is  an  enthusiastic  student  of  clouds  and  related 
phenomena,  and  his  volume  directs  attention  not  only  to  their 
beauty  of  form,  but  also  to  their  relation  to  weather.  He  states 
his  observations  as  matters  of  fact,  and  in  most  coses  is  conteot 
to  leave  their  theoretical  significance  out  of  consideration. 
Years  of  study  have  enabled  Mr.  Barber  to  know  "  the 
balancing  of  the  clouds,"  and  to  read  forthcoming  weather 
from  the  signs  of  the  sky.  He  recognises  that  many  cloud 
phenomena  are  local  ;  nevertheless,  the  results  of  his  studies 
are  applicable  to  any  part  of  the  British  Isles,  and  can  be  consulted 
profitably  by  all  who  wish  to  nnderstand  the  messages  c;irried 
by  clouds  of  various  tyi)es.  Sun  pillars,  waterspouts,  colour  of 
sky,  and  auroral  displays  are  among  other  subjects  described, 
mostly  from  the  author's  own  experiences.  Finally,  there  is  a 
descriptive  list  of  clouds  of  many  kiuds,  with  fine  pictures 
reproduced  from  |)hotograi)hs,  so  that  anyone  who  cares  to  take 
up  the  study  of  clouds  will  find  the  book  both  inspiring  aud 
instructive. 

'■Limanora:  The  Island  op  Progress."  By  Godfrey 
Sweven.  ^Putnams.  190:i.)  6s.— An  Utopian  romance  that  is 
founded  on  science  to  an  extent  unapproached  by  any  of  its 
jiredeces-sors  in  that  department  claims  notice  in  a  scientific 
periodical.  This  novel  with  a  Maori-sounding  name  is,  perhaps, 
the  first  of  its  kind  to  bo  saturated  with  the  idea  of  evolution 
and  all  its  kindred  conceptions.  A  mere  enumeration  of  the  new 
scientific  ideas  which  its  author's  keen  curiosity  and  adventurous 
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sjiirit  have  gathered  from  all  sources  and  added  to  from  liis  own 
imaginiitive  stores  would  be  a  long  one.  Liraanora  is  an  island 
in  the  South  Seas — somewhere,  we  conjecture,  in  the  neighbour- 
hood of  the  sunny  isles  of  New  Zealand.  It  is  inhabited  hy  a 
race  which  a  prolonged  selection  and  adaptation  (for  the  author 
is  both  Darwinian  and  Spencerian)  have  endowed  with  new 
jiowers  of  flight  and  locomotion,  new  senses,  a  new  command 
over  nature,  won  by  the  legitimate  means  of  scientific  discovery, 
and  an  unique  civili.^ition  that  is  evidently  the  author's  ideal  of 
society.  We  are  gradually  initiated  in  the  secrets  of  the  outer 
and  inner  life  of  the  Limanorans  by  an  attractive  account  of  the 
author's  education  as  one  of  their  adopted  citizens.  Evidently 
a  sufferer  from  insomnia,  he  finds  in  Limanora  new  appliances 
(magical  in  eilect,  but  scientific  in  construction)  that  make  sleep 
and  rest  a  source  of  exhilaration  and  of  replenished  stores  of 
energy.  The  modes  of  locomotion  are  as  numberless  as  the 
modes  of  rest.  He  is  taught  to  fly,  but  imperfectly,  because 
his  body,  unlike  the  Limanoran,  has  not  been  adjusted  to  the 
new  conditions  by  the  selection  of  his  ancestry.  A  hermit  by 
vocation,  he  rejoices  to  live  with  a  race  that  condemns 
gregarious  education  as  encouraging  atavism  and  restricts  social 
intercourse.  A  visit  to  the  Valley  of  Memories  revealed  the 
successive  stages  through  which  the  race  had  passed.  He  saw 
the  origin  and  traced  the  evolution  of  each  new  faculty,  power, 
and  virtue.  He  was  taken  to  their  great  repository  of  force, 
and  here  the  glowing  imagination  of  the  author  finds  ample 
scope  in  describing  the  numberless  modes  in  which  the  force  of 
the  winds,  the  waves,  and  the  sun  is  trapped,  stored  and  applied. 
The  halls  of  nutrition  and  medication  showed  how  perfect  a 
command  the  Limanorans  had  gained  over  all  the  processes  of 
health  and  disease.  A  consequence  of  the  phy.-ical  evolution  of 
the  Limanorans  was  the  genesis  of  a  magnetic  or  electric  sense 
out  of  the  magnetism  latent  in  all  human  beings.  We  have  no 
space  to  describe  the  wonders  it  reveals  or  the  marvels  of 
another  faculty  by  which  solid  and  beautiful  structures  are 
raised,  like  the  walls  of  Thebes,  to  the  sound  of  music.  After 
he  had  seen  a  storm-cone  that  diverted  both  tempests  and  clouds 
of  death-bearing  dust  as  they  approached  the  island,  his  educa- 
tion was  resumed.  His  eyesight  was  so  strengthened  that  he 
could  see  into  the  interior  of  objects.  He  acquired  the  new 
electric  faculty,  with  all  its  resources.  His  auditory  powers 
were  increased.  His  lower  senses  were  intellectualised.  His 
nerves  were  refined.  He  mastered  the  fine  outiUmje  that  had 
been  evolved  ^;a)v  ^k/.sx»  with  the  evolution  of  the  senses.  Thus 
equipped,  he  became  a  citizen  of  his  ideal  commonwealth  and 
was  initiated  into  its  inner  life.  He  tells  of  its  polity,  its 
literature,  ethics,  and  religion.  In  all  these  departments  the 
Limanorans  seem  to  h.ave  made  advances  that  we  may  emulate. 
For  the  story  is  no  mere  dream,  but  a  vision  that  is  possibly 
within  measurable  distance  of  realisation.  Embodying  thought- 
ful and  original  apercas,  it  is  a  most  inspiring  book.  By  its 
wealth  of  ideas,  the  solidity  of  its  scientific  foundation,  and  its 
excellence  of  literary  form,  it  surpasses  most  Utopian  romances, 
from  Plato  to  Bellamy. 
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SHORT   NOTES   ON   MICROSCOPIC   ENTOMOLOGY. 
By  W.  Wesch^,  f.r.m.s. 

The  Gizzakd  of  the  Eakwig. — It  is  known  that  many  of 
the  Orthoptera,  such  as  Grasshoppers  and  Crickets,  have  gizzards. 
The  Earwig,  {Forficula  auricuhivia)  is  also  well  provided  in  this 
respect.  The  organ  is  in  four  jiarts,  all  four  elaborately 
toothed  and  working  one  on  the  other.  The  teeth  consist  of  a 
number  of  spines,  haviug  their  blunt  ends  inserted  into  round 
sockets  with  raised  edges. 

Favourite  food  of  this  insect  in  the  spring  and  summer  is  the 
Aphis,  and  if  the  stomach  is  carefully  examined,  the  broken-up 
parts  will  be  seen.  The  Aphis  has  two  trumpet-shaped  tubes 
on  its  back,  which  exude  the  fluid  that  the  ants  are  so  fond  of. 
These  will  be  usually  found  intact,  but  how  they  escape  com- 
plete destruction  by  the  gizzard  it  is  difficult  to  say,  at  all  events 
when  seen  they  can  be  readily  identified,  and  enable  a  deter- 
mination of  the  contents  of  the  stomach  to  be  arrived  at. 

Ovipositor  of  the  Fly,  Phi/fi'mi/-a  flavn. — There  is  a 
small  family  in  Diptera,  the  I'lii/lnnni-iilcr,  which  has  a  very 
characteristic  ovipositor.  In  most  flies  this  is  a  telescopic  organ, 
membranous,  and  with  rings  and  rods  of  chitin  to  extend  it. 
In  other  families  it  is  hard  and  horny,  with  a  sharp  point  which 
enables  the  fly  to  insert  her  eggs  under  the  cuticle  of  leaves. 
We  see  examples  of  these  families  in  our  common  flower- 
haunting  TryjJetidn:.  We  can  trace  the  progress  of  the  larvaj 
by  the  marks  on  the  leaves  of  such  plants  as  the  garden 
Marguerite  (Chriisanthf.muni  leuninthemiim).  The Phytuini/zidir 
have  an  ovipositor,  which  makes  when  mounted  a  beautiful 
microscopic  object.  It  consists  of  a  series  of  subtriangular 
horny  scales,  arranged  more  or  less  symmetrically.  These 
working  freely  hollow  out  cavities  in  the  soft  parts  of  shrubs, 
which  afford  protection  to  the  eggs  of  the  insect. 

The  MANDinLES  of  the  "Aphis  Lion." — The  most  com- 
plicated mandibles  I  know,  are  found  on  the  larvie  of  the  lace- 
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wing  fly,  Chri/sopa  vulf/aris.  They  are  hollow,  and  inside,  the 
maxillas,  (inner  jaws)  are  fitted.  Attached  to  the  base  of  the 
maxilla;  are  powerful  tendons,  by  means  of  which  they  are 
worked  in  and  out  of  the  mandible.  So  the  larva  is  able  to 
seize  prey  with  the  mandibles,  and,  still  holding  it,  to  jiierce  the 
skin  with  the  serrated  points  of  the  maxilliE,  and  suck  its  fluids, 
an  economy  of  means  not  often  founi  iu  Nature.  These  larvaj 
are  highly  beneficial  to  our  gardens,  as  they  attack  the  Aphides. 
Their  voracity  is  out  of  all  proportion  to  their  minute  size,  and 
has  earned  them  the  name  of  the  "  Aphis  Lion.''  The  eggs  are 
curious  ;  they  are  placed  at  the  end  of  long  stalks,  and  a  number 
beiug  always  laid  together,  look  like  a  little  clump  of  fungus,  and 
are  easily  identified. 

Hairs   on   the   Fore-lec;  op   the   Fly,  Empis  tesnelata. — 
The  hairs  of  insects  modify  into  extraordinary  shapes  and  forms. 
1. 


1. — Gizzard  ot  Earwip;,  Forjirula  auricularia.  2. — Ovipositor  of 
the  Fly,  I hi/tomiiza  Jtaoa.  3.— Mandible  of  the  ".\phis  Lion,"  (larva 
of  Chrxisopa  oulijaris'^j  showing  the  maxilliL'  enclosed.  4. —  Femur  of 
the  fore-leg  of  the  Fly,  Hinjiis  tesselata,  showing  the  modified  hairs 
used  in  holding  prey. 

In  some  of  the  aquatic  Heraiptera  they  are  seen  as  delicate 
filamentous  veils,  which  hold  the  water  and  assist  in  the 
propulsion  of  the  insect.  In  Tiptera  they  have  also  very  various 
and  remarkable  developments.  We  find  them  modified  into 
hooks  of  an  extraordinary  multiplicity  of  shapes,  and  scattered 
all  over  the  body  of  the  insect,  teeth,  brushes,  and,  in  Empia 
Irsneldta,  into  knife-blades,  which,  fixed  into  the  femora  of  the 
fore-legs,  enable  the  insect  to  securely  hold  its  prey.  In  many 
species  of  flies  the  stronger  hairs  have  a  longitudinal  striation. 
In  these  knife-blades  the  hair  has  flatteneil  out,  but  the  original 
striation  remains.  It  is  obvious  that  /■-'.  te-'i-o-hila  is  predaceous, 
and  has  strong  piercing  lancets,  as  well  as  a  well-developed 
suctorial  organ  in  the  mouth  parts. 


A  LiviXG  Fl.Y  IN  THE  AcT  OF  Feedini;. — The  method 
originated  by  the  late  Mr.  R.  Macer,  for  showing  under  the 
microscope  a  living  fly,  or  similar  insect,  while  feeding,  is 
comparatively  litlle  known.  It  is  very  simple,  always  creates 
interest,  and  brings  to  view,  in  a  manner  which  is  otherwise 
impossililo  of  appreciation,  the  mechanism  of  the  proboscis. 

The  following  are  the  necessary  items  for  arranging  the 
exhibit  : — 

1.  Cones. 

2.  Forceps. 

3.  Glass  bottle  and  tube. 


1.  The  Cone. — Small  cones,  about  1^  in.  diameter  and  about  1 J  in. 
high,  are  made  of  paper  and  firmly  cemented,  the  tops  are  then 
cut  off,  leaving  the  apertures  of  varying  diameter  from  ^^  in.  to 
I  in.  to  suit  different  sized  insects  ;  the  intei-.or  of  the  cone  is 
dull  blackened.  These  cones  have  subsequently  to  be  gripped 
by  forceps,  and  so  that  they  may  not  slip,  a  narrow  rim  of 
either  string  or  paper  has  to  be  cemented  round  them  a  short 
distance  from  the  apex. 

2.  Forceps. — Two  pairs  are  required,  one  to  hold  the  cone 
and  the  other  to  carry  a  piece  of  blackened  cardboard  on  which 
honey  should  be  placed.  Both  of  these  forceps  should  be 
of  the  "stage"pattern,  the  formerhavingattheend  of  thejawsa 
circular  ring  in  which  the  cone  is  placed  ;  the  latter  have  the 
jaws  mounted  on  a  spring,  so  that  a  screw,  which  is  carried  on 
a  bridge  above,  can  be  made  to  press  on  the  jaws,  and  so  cause 
them  to  recede  or  be  brought  nearer  the  desired  object. 

3.  A  Glass  Bottle  <i,nd  Tube. — The  former  is  to  contain  the 
fly,  and  may  be  of  any  ordinary  variety;  the  latter  is  a  plain 
glass  tube  having  both  ends  free  and  fitted  with  corks. 

Process  of  ExliJhiting. — One  of  the  corks  is  removed  from 
the  tube,  which  is  then  placed  over  the  bottle  in  which  the  fly  is 
contained,  the  cork  of  that  also  being  removed;  when  the  fly  has 
entered  the  tube  one  of  the  cones  is  quickly  placed  over  the  free 
end,  after  which  the  cork  at  the  other  end  is  removed.  A  small 
plug  of  cotton  wool  is  then  inserted,  and  is  gradually  pushed 
upwards  through  the  tube  into  the  cone,  the  small  opening  of 
which  is  held  towards  the  light  so  that  the  fly  may  put  his  head 
through.  When  it  has  arrived  at  this  position  the  plug  of  cotton 
wool  is  carefully  placed  behind  it. 

The  cone  is  now  ready  to  go  into  the  round-ended  forceps, 
which  are  fixed  on  the  stage  in  the  usual  manner.  The  other 
forceps  carrying  the  cardboard  with  honey  are  placed  in  position 
on  the  other  side  of  the  stage,  and  the  bait  is  placed  quite 
closely  to  the  fly's  head.  A  1  \  in.  objective  is  then  focussed,  and 
the  honey  can  be  altered  iu  position  the  desired  amount,  by 
means  of  the  adjusting  screw  before  referred  to,  until  the 
proboscis  is  well  displayed. 

The  best  form  of  illumination  is  with  a  bull's-eye  condenser 
and  a  parabolic  side  silver  reflector. 

A  Useful  Dryino  Oven. — Working  microscopists  often  find 
a  dilHculty  in  ])roviding  a  suitable  place  for  unfinished  slides, 
where  dust  cannot  reach  them,  and  iu  knowing  how  to  dry  them 
quickly  and  safely,  more  especially  where  space  is  limited  and 
no  suitable  oven  available. 

Mr.  L.  Sandall,  k.r.m.s.,  suggests  the  following  method  of 
making  a  small  oven  which  will  be  found  to  answer  the 
requirements  of  the  average  worker  : — 

Obtain  a  tin  about  9  in.  by  8A  in.  by  9  in.,  such  as  a  7  lb.  size 
biscuit  tin.  It  should  be  free  from  dents,  and  will  need 
thoroughly  cleaning  with  hot  soda  water  and  properly  drying. 
It  will  require  added  to  it  four  legs,  preferably  |  in.  thick  and 
()  in.  long,  and  half  way  down  the  interior,  on  eitlier  side,  two 
strips  of  tin  about  1  in.  wide  should  be  soldered  and  bent  at 
right  angles  to  form  brackets,  on  which  a  piece  of  |>lute  or 
window  glass  cut  to  the  proper  size  could  rest,  and  form  a  shelf 
to  put  the  slides  on. 

In  addition,  a  hole  should  be  made  at  either  corner  on  the 
top  of  it  about  1  in.  diameter,  which  c;in  be  plugged  with  a 
tightly-fitting  cork,  through  which  a  thermometer  can  be  passed 
to  register  tlie  inside  temperature.  These  little  extra  fittings 
will  be  made  by  any  local  tinsmith  at  very  small  expense. 

It  will  be  obvious  that  when  completed  the  lid  of  the  tin  will 
not  be  uppermost,  but  when  mounted  on  the  legs  will  be  at  the 
front  to  form  a  door. 

To  give  a  finished  appearance  to  this  contrivance,  the  tin 
work  may  be  cleaned  and  enamelled  with  Brunswick  black. 

The  heating  will  be  obtjiined  by  mounting  a  spirit  or  small 
paraffin  lamp  on  blocks  of  wood  of  suitable  sjze  to  maintain 
the  temperature  that  is  required. 

Those  who  may  prefer  to  be  able  to  see  into  the  tin  siiould 
have  the  centre  of  the  lid  cut  out  and  a  square  jiiece  of  window 
glass  inserted,  secured  by  strips  of  tin  soldered  round  the 
inside. 

Waterproof  Cement  for  Glass. — Many  attempts  have 
been  made  to  ]>rodnce  a  cement  suitable  for  microscopists'  use, 
for  making  and  repairing  troughs,  aquaria,  etc.,  that  will  hold 
water  without  leaking,  and  be  unalVected  by  water.     The  two 
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following  formnla;   are  given    by  The  Scientific  American  for 
the  purpose : — 

1.  Dissolve  5  to  10  parts  gelatine  in  100  parts  water  ;  add  10 
per  cent,  of  a  concentrated  solution  bichromate  of  potash,  mix 
thoroughly  and  keep  in  a  dark  place.  When  the  articles  joined 
by  this  cement  are  exposed  to  sunlight  for  a  short  time,  the 
cement  becomes  tough  and  insoluble  in  water. 

2.  Quicklime         ...         4  parts. 

Litharge  ...         ...         ...     6       „ 

Linseed  oil  varnish    ...         ...     1  part. 

A  yen-  Calaloi/iie. — 3Ir.  C.  Baker,  of  ■_'44,  High  Holborn,  is 
now  issuing  a  fresh  edition  of  his  Catalogue  of  Microscopes,  for 
the  year  1904.  This  list  contains  much  valuable  information, 
and  describes  instruments  and  accessories  for  every  description 
of  microscopical  investigation.  Reference  to  it  indicates  the 
fact  that,  by  special  arrangement,  Powell  &  Lealand's  well-known 
microscopes  are  now  supplied  by  C.  Baker.  Also  among  other 
new  items  will  be  found  an  illustration  and  description  of 
Dr.  Spitta's  Monochromatic  Light  Apparatus,  which  was 
described  in  these  columns  at  the  time  of  its  exhibition  at  the 
Roj'eI  Microscopical  Society.  The  excellent  arrangements  made 
in  connection  with  the  Slide-Lending  Department  are  fully 
detailed,  and  altogether  the  Catalogue  is  one  that  every 
microscopist,  who  wishes  to  be  conversant  with  the  latest  in- 
struments and  accessories  for  his  work,  must  have  among  his 
reference  books. 


NOTES   AND    QUERIES. 

lier.  J/.  C.  H.  Bird. — Either  of  the  followingbooks  will  meet 
your  requirements  : — ■"  A  Popular  Hand  Book  to  the  Micro- 
scope," by  Mr.  Lewis  Wright  ;  "  Modern  ^Microscopy,"  by  Cross 
and  Cole  ;  and,  as  a  complete  text  book,  "  The  Microscope  and 
its  Revelations  "  (Carpenter),  edited  bj-  Dr.  Dallinger. 

C.  F.  Hiiixun. — Amoeba  are  somewhat  casual  in  their  occur- 
rence, and  can  frequently  be  found  in  non-running  water  and 
on  mud.  No  doubt  your  difficulty  in  collecting  them  is  due  to 
your  failure  to  distinguish  them  ;  they  are  somewhat  difficult 
to  recognise  to  those  who  are  unfamiliar  with  them.  The 
method  of  mounting  the  Hydrozoa  will  be  to  wash  well  first  in 
fresh  water  ;  then  place  in  a  shallow  white  dish  or  saucer,  select 
and  cut  off  the  portion  that  is  to  be  mounted,  and  place  it  on  a 
slide  slightly  warmed  ;  drain  away  as  much  water  as  possible, 
and  add  some  glycerine  jelly.  Apply  the  cover-glass,  allow  the 
slide  to  cool,  remove  the  excess  of  jelly  around  the  edge  of  the 
cover,  wash  the  slide  in  water,  dry,  and  add  several  coats  of 
enamel  or  varnish. 

Communications  and  e>iquiries  on  Microscopical  matters  are 
cordially  invited,  and  should  be  addressed  to  F.  Shii.lington 
Scales,  Knowledge  Office.  326,  High  Holhorn.  W.C. 


NOTES   ON   COMETS  AND    METEORS. 

By  W,  F.  Denning,  f.e.a.s. 

Peeiodical  Comets. — Of  the  seren  periodical  comets  which  were 
expected  to  return  to  perihelion  in  1903,  only  one  (Brooks's  comet  of 
1889  and  1896)  appears  to  hare  been  re-observed  This  is  a  disap- 
pointing result,  but  due  to  conditions  which  could  not  be  overcome. 
In  1904  several  of  the  best-known  comets  of  short  period  will  return, 
and  the  circumstances  will  be  favourable  in  two  eases.  In  tlie  early 
part  of  the  year  Pons-Winneeke's  and  D'Arrest's  comets  are  due, 
Tempel's  ot  1873  should  visibly  return  in  June,  while  Encke's  will 
probably  be  weU  observed  in  the  autumn.  The  latter  has  returned 
twenty-five  times  subsequently  to  its  detection  by  Pons  in  1819,  and 
it  has  been  observed  on  every  occasion.  At  intervals  of  thirty-three 
years  ( =  10  periods)  this  comet  returns  at  nearly  the  same  times  of 
the  year  as  before,  and  traverses  approximately  the  same  path  in  the 
sky ;  thus  in  19U4  the  favourable  returns  of  1S05,  1838  and  1871  will 
be  repeated.  Mechaiu  was  the  first  to  discover  this  interesting  comet, 
and  its  mean  periodic  time  derived  from  thirtv-five  returns  between 
1786,  January  30,  and  1901,  September  15,  is  =  1206  6  days. 

GiAC0BiNi*s  Comet  (1896  Y.).— This  comet,  which  passed  its  peri- 
helion last  June,  is  possibly  visible  in  large  instruments,  though  its 
rediscovery  has  not  yet  been  announced.  Its  place  is  computed  as 
R.A.  3h.  aum.  42s.,  Dec.  +  3°  49',  on  December  7,  and  R.A.  3h.  17m. 
22s.,  Dec.  -i-  3°  48',  on  December  15.  The  object  wdl  therefore  be 
nearly  stationary  on  the  eastern  border  of  the  head  of  Cetus. 

Comet  1894  I.   (Dbsxixg).— Dr.  P.  Gast   has  published  in  the 


ilitteilungea  ot  the  Heidleberg  Observatory  a  summary  of  the 
observations  and  calculations  relating  to  this  comet,  and  gives  the 
positions,  ascertained  in  1902,  of  88  comparison  stars  lying  near  its 
track.  The  data  collected  will  be  valuable  in  the  final  determination 
of  the  orbit.  The  comet  should  return  under  favourable  conditions 
in  the  winter  following  1908. 

October  Metboes. — Stormy  weather  and  cloudy  skies  have 
continued  to  prevail,  so  that  few  opportunities  have  been  presented 
for  any  kind  of  astronomical  observation.  Fortunately,  however,  the 
nights  from  October  22-25  were  generally  clear  at  Bristol,  and  74 
meteors  were  observed  during  nine  hours  ot  watching.  Amongst 
these  were  14  !;  Geminids  (99"  +  13°)  and  10  Orionids  (93°  -H  16°). 
The  results  are  somewhat  noteworthy  as  proving  what  the  writer 
observed  in  1900  and  1901,  that  the  ^  Geminids  appear  to  have 
supplanted  the  Orionids  as  the  richest  shower  of  the  period.  Among 
the  contemporary  systems,  the  most  active  this  vear  were  situated  at 
91°  -H  59',  117°  '+  4«>°  and  128°  +  33°  (swttt  meteors),  and  at 
29°  -I-  36°,  32«  -t-  19°,  40°  -I-  21°  (slow  meteors). 

DotTBLT  -  OBSKEVEU  Meteoe. — A  fine  meteor  directed  from  a 
radiant  close  to  t  Arietis,  was  observed  by  Mr.  C.  L.  Brook,  at 
Meltham,  near  Huddersfield,  and  by  the  writer  at  Bristol,  on  October 
23,  lib.  47im.  As  seen  from  Meltham,  the  object  crossed  the 
equator  in  Pisces,  the  apparent  path  being  from  3*^  •*-  3°  to  3t6°— 4°. 
As  viewed  from  Bristol,  it  shot  through  Draco  and  passed  over  1  in 
that  constellation  as  it  descended  almost  vertically  in  the  X.X.W. 
sky.  The  height  of  the  meteor  was  75  miles  wbeu  first  seen  over  a 
point  near  Knighton,  Radnorshire,  and  37  miles  at  disappearance  over 
the  district  of  Llanfair,  Montgomeryshire.  Its  length  of  path  was 
48  miles,  and  the  earth  point  is  indicated  10  miles  S.W.  of  Denbigh. 
The  shower  of  Arietids,  from  which  the  meteor  was  directed,  forms 
one  of  the  principal  displays  in  October,  and  it  is  one  which  vields  an 
abundance  of  fireballs.  At  Bristol,  in  1877,  October  28  to  Xovember 
1,  31  meteors  were  recorded  from  a  radiant  at  43°  •♦•22°,  and  in  1887, 
October  11-24,  45  meteors  were  noted  from  a  centre  at  40°  -H  20°. 

FlBEBALL. — On  November  3rd,  Gh  25m.  p.m.,  Mr.  C.  Grover,  ot 
Lyme  Regis,  observed  a  large  fireball  suddenly  light  up  the  landscape 
with  a  brilliancy  equal  to  that  of  the  full  moon.  A  bright  fragment, 
of  th;  apparent  size  of  Jupiter,  detached  itself  from  the  principal 
mass  and  descended  vertically  about  two  degrees  west  of  A  Aquilae. 
The  same  fireball  was  seen  by  Mr.  A.  F.  Parbury,  ot  Hascombe, 
Surrey,  in  the  S.W.,  and  he  describes  it  as  a  long  train  of  fire, 
vertical,  and  near  the  horizon.  It  was  also  witnessed  by  a  corre- 
spondent of  the  Standard  signing  himself  "  W.  D.  F.,"  who  says  that 
as  he  was  crossing  the  Purbeck  Hills,  Dorset,  he  saw  a  very  briUiant 
meteor  in  the  S.W.  It  fell  diagonally  from  left  to  right,  and 
disappeared  at  about  40  degrees  above  the  horizon.  "  The  shape 
suggested  an  incandescent  tadpole  diving  from  the  stars."  This 
fireball  was  situated  over  the  English  Channel,  between  Lands  End 
and  Brest,  on  the  west  coast  of  France,  but  the  observations  are  not 
sufilciently  exact  to  permit  the  real  path  to  be  calculated. 

Bhight  Meteob. — A  meteor  rivalling  Jupiter  in  brilliancy  was 
seen  by  Mr.  H.  Macpherson,  junior,  of  Johnsburn,  Midlothian,  on 
November  7,  7h.  10m.  p  m  It  passed  from  near  Altair  to  near  Alpha 
Ophiuchi,  emitting  a  blue  light,  and  lasting  only  a  few  seconds. 

December  Gbmikids. — The  return  of  this  annual  shower  should 
be  looked  for  on  the  nights  December  11,  12,  and  13.  The  moon  will 
be  past  the  last  quarter,  risiug  after  midnight,  and  will  offer  little 
impediment.  The  radiant  point,  like  that  of  the  Perseids,  probably 
has  a  motion  eastwards,  but  sufficient  observations  have  not  yet  been 
obtained  to  render  the  fact  certain. 

The  Leo  s  ids  of  1903. — The  Leonid  shower  formed  quite  a 
striking  display  as  observed  at  Bristol  during  the  morning  hours  of 
November  16.  The  maximum  appeirs  to  have  occurred  between 
5h.  3(im.  and  5h.  4.5m.  a.m.,  when  Leonids  were  falling  at  the  rate 
of  about  170  per  hour  for  one  observer.  Several  fine  meteors  as 
brilliant  as  Jupiter  or  Venus  were  seen,  and  the  radiant  formed  an 
area  ot  several  degrees  round  the  central  point,  151"  ■(-  22'. 


THE  FACE  OF  THE  SKY  FOR  DECEMBER. 

By  W.  Shackleton,  f.e.a.s. 

The  Sun. — On  the  1st  the  sun  rises  at  7.44  and  sets 
at  3.53 ;  on  the  31st  he  rises  at  8.8  and  sets  at  3. .57. 
Sunspots  may  now  be  observed  at  any  time,  for  the  sun 
appears  well  on  the  way  to  the  period  of  maximum  activitv. 
There  have  been  of  late  rarely  less  than  three  groups  of 
spots  on  the  solar  disc.  During  these  periods  of  remark- 
able solar  outbursts  and  magnetic  disturbances,  auroi-ae 
should  be  looked  for  in  the  north.     The  sun  enters  the 
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sign   of   Capricorniis   on    the    23rd    at    Oh.    when    winter 
commences. 
The  Moon  : — 


Phases. 

H.    M. 

Dec.    4 

O  Full  Moon 

6     13     P.M. 

.,     11 

([    Last  Quarter 

10  53  A.M. 

„     18 

#  New  Moon 

9  26  P.M. 

>.     27 

J)    First  Quarter 

2  23  A.M. 

The  moon  is  in  perigee  on  the  7th,  and  in  apogee  on 
the  23rd. 

OccuLTATioNs. — The  details  of  the  occultations  of  the 
brighter  stars  vi.sible  at  G-reenwich  are  as  follow : — 


I 

. 

Disappearance. 

Beappearance. 

Date. 
Star  Name 

3 

a  £ 

li 

.2(2 

a  _ 

ia 

1^' 

a 

! 

"a 

h.  m. 

o    1      o 

h.  m. 

o     [     o 

d.  h 

Deo.  4    B.A.C.  1528 

5« 

8  .53  P.M. 

111 

14K 

9  51p.m. 

a^9 

2,59 

15  16 

„     7    X  Geminoram 

8-H 

5  40  A.M. 

l((i) 

71 

6  4tA.M. 

274 

238 

18    0 

,,    11    d  Leonis 

•l-d 

114  A.M. 

IHS 

2()5 

1  46  A.M. 

23() 

2«5 

21  20 

„    31  j  75  Tam-i 

5-a 

8  24  P.M. 

I3:i 

154 

9   7  p.m. 

204 

215 

13  23 

The  Planets. — Mercury  is  an  evening  star  in  Capri- 
cornus,  setting  shortly  after  the  sun  at  the  beginning  of 
the  month.  Towards  the  end  of  the  month  he  is  approach- 
ing greatest  elongation,  and  sets  in  the  south-west  about 
1^  hours  after  the  sun,  but  even  then  the  elongation  i.s  not 
a  favourable  one  for  easy  observation. 

Venus  rises  about  four  hours  in  advance  of  the  sun, 
and  is  best  observed  during  this  time.  The  phase  of  the 
planet  is  gibbous,  rather  more  than  half  of  the  disc  being 
illuminated,  whilst  the  diameter  of  the  planet  has  decreased 
to  about  20''.  Increasing  distance  from  the  earth,  together 
with  greater  southerly  declination,  are  rapidly  diminishing 
her  brilliancy. 

Mars  is  low  down  in  the  south-west,  and  badly  j)laced 
for  observation,  in  addition  to  lieing  very  faint ;  he  sets 
about  three  hours  after  the  sun. 

Jupiter  is  in  quadrature  on  the  7th,  hence  about  this 
time  he  is  on  the  meridian  near  (i  p.m.  The.  distance  of 
the  planet  from  the  earth  is  increasing,  consequently  his 
lustre  is  diminishing.  About  the  middle  of  the  month 
the  polar  and  equatorial  diameters  of  the  planet  are  37"5 
and  40"T  respectively. 

The  configurations  of  the  satellites  as  seen  in  an 
inverting  telescope  at  7  p.m.  are  as  follow  : — 


Day. 

West.         East. 

Day. 

West.            East. 

1 

1  O  2  3  4 

17 

3  2  1  O  4 

2 

3  O   1   J 

18 

3  2  0  4 

3 

3  2  4  O       • 

19 

3   0   14  2 

4 

♦  .'.  o 

20 

4  1   O  2  3 

5 

4  3   O   1  2 

21 

4  2  O    1  3 

6 

4  1   O   2  3 

22 

4   I    O  U  • 

7 

4  2   O    I  3 

23 

4   0   3   12 

8 

■1  1   O   2  3 

24 

4  3   ,',    O 

y 

13   0   1  2 

2,") 

1-  :!  2   O    1 

10 

3    I  2  O       • 

2(> 

4  3  0   2  • 

11 

3  2  ;  o 

27 

4   1    O   3  2 

12 

3   O    1    -^ 

28 

2   O   4  1  3 

13 

1    O   2  3    t 

20 

1  2  O  .1  ;? 

ll 

2  O    1   3  4 

30 

O  3   1  2  4 

15 

1   O  3  4  • 

31 

3   10  4 

Itj 

3   O   1  2  4 

Tlie  ciri'le  (O)  roprosents  Jupiter;  0  signifies  tlmt  the  satellito  is 
on  tlio  disc  ;  •  signifies  (liat  (lie  satellite  is  bchiml  the  disc,  or  in  tlie 
shadow.     The  numbers  are  the  numbers  of  the  satellites. 


Saturn  is  in  conjunction  with  Mars  on  the  2lst,  and 
like  that  planet  is  too  low  down  in  the  south-west  to  te 
easy  of  obsen'atiou. 

Uranus  is  in  conjunction  with  the  sun  on  the  18th,  and 
therefore  unobservable. 

Neptune  is  near  ft  Geminorum,  their  respective  positions 
on  the  15th  being  :  — 

Right  Ascension.  Declination  T>. 

Neptune  ...     6b.  21m.     7s.     ...     22''  16'  23" 

|W,  Geminorum      ...     6h.  17m.  lis.     ...     22"  33'  37" 
The  chart  given  in  the  January  number  shows  his  position 
with  reference  to  the  surrounding  stars.     The  planet  is  in 
opposition  on  the  27th,  hence  about  this  time  he  souths 
near  midnight. 

The  Stars. — The  positions  of  the  principal  constellations 
near  the  middle  of  the  month  at  9  p.m  are  as  follow : — 

Zenith     .     Perseus,  Cassiopeia. 

South       .     Andromeda,  Aries,  Pleiades,   Cetus ;    to   the 

S.W.,  Pisces ;  to  the  S.E.,  Taurus,  Orion, 

Sirius  rising. 
West        .     Delphinus,    Cvgnus,   Pegasus ;    Lvra  to    the 

N.W. 
East         .     Auriga  high  up,  Canis  Minor  (Proc!/o«) ;  Leo 

rising  in  the  N.E. 
North      .     Ursa  Major,  Ursa  Miuor,  Cepheus,  Draco. 

Minima  of  Algol  occur  at  convenient  times  on  the  3rd 
at  6.44  P.M.,  20th  at  11.38  p.m.,  23rd  at  8.27  p.m.,  and 
26th  at  5.16  p.m. 


(t\)t^s  Column. 

$y    C.    D.    LococK,    b.a. 


Communications  for  this  column  should  be  addressed 
to  C.  D.  LococK,  Knowledge  Office,  326,  High  Holborn, 
and  be  posted  by  the  10th  of  each  month. 


If  1. 
1. 
1. 


Solutions  of  November  Problems  i  J.  \V.  Abbot). 
No.  1. 
Author's  Key. — 1.  B  to  R3. 
[There  is  a  second  solution  by  1.  K  to  BS.] 
No.  2. 
Keif-mnve  — 1.  Kt  to  Q4. 
.  .  "P  to  B6.  2.  Kt  X  P. 

.  .  K  X  Kt,  2.  P  to  B3ch. 

.  .  K  toKt3,         2.  RxPch. 

Solutions  received  from  "Alpha,"  4,  4;  W.  Nash,  4.  4; 
G.  A.Forde  (Major),4,  4;  "Looker-on,"  6,  4;  W.  H.  S  M., 
4,  0;  G.  W.  Middletou,  4,  4;  "  Quidam,"  6,  4;  J.  \V. 
Dixon.  4,  4 ;  C.  Johnston,  (i.  4 ;  H.  F.  Calmer,  4.  4  ; 
T.  Dale,  4,  4 ;  H.  S.  Braudreth,  4  (No.  1  only). 

As  the  result  of  this  month's  problems.  "  Looker-on  " 
and  C.  Johnston  at  present  tie  for  first  place,  closely 
followed  by  Messrs.  Nash  and  Dixon. 

W.  H.  S.  Jf.— R  to  R6  is  a  good  "  try  "  in  No.  2,  but 
appears  to  be  defeated  by  1.  ...  K  to  Kt5,  and  if 
2.  Kt  to  Q2  (as  you  give),  K  to  B4. 

Special  A\)/iVt'.  — Will  all  corres]iondents  kindly  note 
that  until  further  notice  all  communications  should  be 
addressed  to  C.  D.  Locock,  at  the  office  of  Knowledge, 
326,  High  Holborn,  London. 
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PROBLEMS. 

No.  1. 
Bj  W.  Geaiy. 

Black  (lij. 


^     Si     ^^     ^P 


^^  p<'///'/«! 


■^ 


White  mates  in  three  moves. 

No.  2. 

By  C.  D.  Locnx-k. 

Black  ((i) 


«      ^ 


ef      »■ 


mM^mi.^......m^ Si 


White  (11) 

White  mates  in  three  moves. 
CHESS  INTELLIGENCE. 


In  the  Southern  Counties'  Championship,  Sussex  have 
defeated  Hampshire  by  10  games  to  6,  and  have  lost  to 
Kent  by  II5  to  4j. 

A  match  for  the  World's  Championsliip  has  been 
arranged  between  Dr.  Lasker  and  Dr.  Tarrasch,  the  contest 
to  take  place  next  autumn  and  the  stakes  to  be  £400  a 
side.  The  time-limit  is  unusually  generous — 14  moves  an 
hour,  and  the  match  will  be  decided  in  favour  of  the 
player  who  first  wins  eight  games,  drawn  games  not 
counting.  One  novel  feature  of  the  conditions  is  the 
stipulation  that  each  player  shall  write  notes  to  every 
game,  independently  of  the  other,  immediately  after  its 
conclusion.  This  will  enable  the  book  of  the  match  games 
to  be  published  almost  immediately  after  the  conclusion  of 
the  match  ;  a  further  advantage  being  that  the  players 
•\vill  write  their  notes  while  the  games  are  still  fresh  in 
their  memories.  The  scene  or  scenes  of  the  encounter  will 
depend  on  the  result  of  negotiations  which  Dr.  Laskfer  has 
been  empowered  to  conduct. 


An  International  Tourney  will  ))e  held  next  April  at 
Cambridge  Springs,  Pennsylvania.  Sixtuen  players,  half 
of  them  Americans,  have  already  been  selected.  The 
contest  will  be  limited  to  one  round. 


Game  plaved  in  the  Amateur  Chami)ionship  Tc 

Plymouth. 

Queen's  Gamb 

it  Declined. 

White. 

Black. 

(.\.  Emery.) 

(J.  Mortimer.) 

1.  PtoQ4 

1.  P  to  Q4 

2.  P  to  QB4 

2.  P  to  K3 

3.  Kt  to  QB3 

3.  Kt  to  KB3 

4.  B  to  Kt5 

4.  B  to  K2 

5.  P  to  X3 

5.  Castles 

6    Kt  to  B3 

G.  Kt  to  K5 

7.  B  to  B4 

7.  P  to  QB3 

8.  B  to  Q3 

8.  P  to  KB4 

0.  P  to  KR4 

0.  Q  to  R4  (a) 

10.  BxKt 

10.  BPxB 

n.  Kt  toKt5 

11.  RtoB4  (h) 

12.  Q  to  R.5 

12.  P  to  KR3 

13.  Q  to  K8ch 

13.  B  to  Bsrj 

14.  QxQB 

14.  PxKt 

15.  QxKPch 

15.  R  to  B2 

16.  PxKtP 

16.  B  to  Kt5  ic) 

17.  P  to  Kt(3 

17.  BxKtch 

18.  K  to  K2 

18.  Resigns. 

Notes. 

(a)  An  unprofitable  excur.siou.  The  Queen's  Knight 
should  be  developed. 

(6)  Evidently  inferior.  Kt  to  Q2  being  now  impossible, 
there  is  probably  nothing  better  than  P  x  P,  with  a  view 
to  bringing  the  Queen  across  the  board  to  the  defence  of 
the  King's  side. 

(c)  Mere  desperation ;  but  if  16.  ...  P  to  Kt3,  White 
wins  easily  by  17.  R  to  R8ch,  K  x  R;  18.  Q  x  R,  B  to  Kt2 ; 
19.  K  to  K2.  Mr.  Emery  has  played  the  game  with  great 
vigour,  but  Mr.  Mortimer  was  evidently  below  his  usual 
form. 
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